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An illiamination optical apparatus successfully realizes 
mutually different illumination conditions in orthogonal two 
directions on an illumination objective plane. A magnification- 
varying optical system for similarly changing the entire size 
of a secondary multiple light source is arranged in an optical 
path between a first optical integrator for forming a first 
multiple light source on the basis of a light beam from a light 
source and a second optical integrator for forming the second 
multiple light source having light sources of a larger niomber 
on the basis of a light beam from the first multiple light 
source. The apparatus further comprises an aspect ratio- 
changing element for changing the aspect ratio of the incoming 
light beam in order to change the angle of incidence of the 
incoming light beam into the first optical integrator in a 
predetermined direction. 

REPRESENTATIVE DRAWING 
FIG. 1 

SPECIFICATION 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a first embodiment of the present invention. 

FIG. 2 schematically shows an arrangement of a quadrupole 
secondary light source formed on a rear side focal plane of a 
fly's eye lens. 
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FIGS. 3A and 3B schematically show an arrangement of a pair of 
prisms for constructing a V-shaped axicon arranged in an 
optical path of an afocal zoom lens- 

FIGS- 4A-4D schematically illustrate the influence exerted on 
the quadrupole secondary light source by the change of the 
spacing distance of the V-shaped axicon^ the change of the 
magnification of the afocal zoom lens, and the change of the 
focal length of the zoom lens. 

FIGS. 5A-5D schematically illustrate the influence exerted on 
the annular secondary light source by the change of the spacing 
distance of the V-shaped axicon, the change of the 
magnification of the afocal zoom lens, and the change of the 
focal length of the zoom lens. 

FIGS- 6A-6C show illustrative modified embodiments concerning 
the shape of the refracting plane of the V-shaped axicon. 

FIGS. 7A and 7B show illustrative modified embodiments 
concerning the rotation and the combination of the V-shaped 
axicon. 

FIG. 8 shows a flow chart of a technique adopted to obtain a 
semiconductor device as a microdevice. 

FIG. 9 shows a flow chart of a technique adopted to obtain a 
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liquid crystal display device as a microdevice. 

FIG. 10 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a second embodiment of the present invention. 

FIG- 11 shows a perspective view schematically illustrating an 
arrangement of three axicons arranged in an optical path 
between a front side lens group and a rear side lens group of 
an afocal lens in the second embodiment. 

FIG. 12 illustrates the function of a conical axicon for a 
secondary light source formed in the quadrupole illumination in 
the second embodiment . 

FIG. 13 illustrates the function of a zoom lens for a secondary 
light source formed in the quadrupole illumination in the 
second embodiment - 

FIGS. 14A-14C illustrate the function of a first V-shaped 
axicon and a second V-shaped axicon for a secondary light 
source formed in the quadrupole illumination in the second 
embodiment . 

FIG. 15 illustrates the function of a conical axicon, a zoom 
lens, a first V-shaped axicon, and a second V-shaped axicon for 
each of circular surface light sources formed in the quadrupole 
illumination in the second embodiment. 
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FIG. 16 illustrates each of surface light sources and a 
movement range of the surface light source formed by three 
types of diffracting optical elements for the quadrupole 
illumination having different characteristics in the second 
embodiment . 

FIG. 17 illustrates each of surface light sources and movement 
and deformation of the surface light source formed by four 
types of diffracting optical elements for the quadrupole 
illiamination having different characteristics in a first 
modification of the second embodiment. 

FIG. 18 illustrates each of surface light sources and movement 
and deformation of the surface light source formed by four 
types of diffracting optical elements for the quadrupole 
illumination having different characteristics in the first 
modification of the second emboddLment. 

FIG- 19 illustrates each of surface light sources and movement 
and deformation of the surface light source formed by two types 
of diffracting optical elements for the quadrupole illiamination 
having different characteristics in a second modification of 
the second embodiment. 

FIG. 20 illustrates the function of the conical axicon for the 
secondary light source formed in the annular illumination in 
the second embodiment . 
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FIG. 21 illustrates the function of the zoom lens for the 
secondary light source formed in the annular illumination in 
the second embodiment. 

FIGS. 22A-22C illustrate the function of the first V-shaped 
axicon and the second V-shaped axicon for the secondary light 
source formed in the annular illumination in the second 
embodiment . 

FIGS. 23A and 23B illustrate a third modification of the second 
embodiment . 

FIGS- 24A-24C illustrate the function of the first V-shaped 
axicon and the second V-shaped axicon for the secondary light 
source formed in the circular illumination in the second 
embodiment . 

FIG- 25 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a third embodiment of the present invention. 

FIG. 26 shows a perspective view schematically illustrating an 
arrangement of a pair of V-shaped axicons arranged in an 
optical path of an afocal lens in the third embodiment. 

FIG. 27 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
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according to a fourth eittooddLment of the present invention. 

FIG. 28 shows a perspective view schematically illustrating an 
arrangement of a conical axicon and a V-shaped axicon arranged 
in an optical path of an afocal lens in the fourth embodiment. 

FIG. 29 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a fifth embodiment of the present invention. 

FIGS. 30A and 30B illustrate the function of a second 
diffracting optical element in the fifth embodiment. 

<Description of reference numerals of principal elements in 
the drawings> 

1 : light source 

4: diffractive optical element 

5: afocal zoom lens 

6: micro fly's eye 

7 : zoom lens 

8 : fly' s eye lens 

8a: micro fly's eye 

9: condenser optical system 

10: V-shaped axicon 

11, 72: diffractive optical element 

12 : afocal lens 

14: conical axicon 

15, 16: V-shaped axicon 
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17: mask blind 

18: image-forming optical system 

20: input unit 

21: control system 

2i2'-29: driving system 

70: rod type integrator 

71: zoom lens 

73: input lens 

M: mask 

PL: projection optical system 
W: wafer 

DETAILED DESCRIPTION 

Object of the Invention 

Field of the Invention and the Related Background Art 

The present invention relates to an illumination optical 
apparatus and an exposure apparatus provided with the 
illumination optical apparatus. In particular, the present 
invention relates to an illumination optical apparatus which is 
preferable for an exposure apparatus to produce, in the 
lithography step, microdevices including, for example, 
semiconductor elements, image-pickup elements, liquid crystal 
display elements, and thin film magnetic heads. 

In a typical exposure apparatus of this type, a light beam, 
which is radiated from a light source, forms a secondary light 
source which is provided as a substantial surface light source 
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(surface illiaminant) composed of a large number of light 
sources by the aid of a fly's eye lens which serves as an 
optical integrator. The light beam from the secondary light 
source is restricted by an aperture diaphragm which is arranged 
in the vicinity of the rear side focal plane of the fly's eye 
lens, and then the light beam comes into a condenser lens. 

The light beam, which is collected by the condenser lens, 
illuminates, in a super iitposed manner, a mask on which a 
predetermined pattern is formed. The light beam, which has 
passed through the pattern on the mask, passes through a 
projection optical system to form an image on a wafer. 
Accordingly, the mask pattern is subjected to projection 
exposure (transfer) onto the wafer. The pattern formed on the 
mask is highly integrated. In order to correctly transfer the 
fine pattern onto the wafer, it is indispensable to obtain a 
uniform illuminance distribution on the wafer - 

In consideration of the situation as described above, a 
technique attracts the attention, in which a circular secondary 
light source is formed on the rear side focal plane of the 
fly's eye lens, and its size is changed to change the coherency 
a of illumination (a value = diameter of aperture diaphragm / 
diameter of pupil of projection optical system, or o value = 
numerical aperture on outgoing side of illumination optical 
system / numerical aperture on incoming side of projection 
optical system) - On the other hand, a technique attracts the 
attention, in which an annular or quadrupole secondary light 
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source is formed on the rear side focal plane of a fly's eye 
lens to improve the depth of focus and/or the resolution of the 
projection optical system. 

However^ as for the conventional techniques as described above, 
the cross-sectional configuration of the light beam coming into 
one point on the mask as an illumination objective plane 
resides in an identical positional relationship in relation to 
two directions perpendicular to one another on the mask, either 
in the case of the conventional circular illumination based on 
the circular secondary light source or in the case of the 
modified illumination (annular illumination or quadrupole 
illiomination) based on the annular or quadrupole secondary 
light source. In other words, in the conventional technique, 
the illiamination condition is identical in the two directions 
perpendicular to one another on the illumination objective 
plane. As a result, when the mask' pattern involves any 
orientation, it is impossible to realize an optimum 
illumination condition in each of the perpendicular two 
directions on the mask. On the other hand, in recent years, it 
is sincerely demanded that the pattern on the mask is correctly 
transferred under an optimum illumiination condition, and the 
optical performance of the projection optical system is 
successfully confirmed highly accurately at the same time when 
the pattern on the mask is correctly transferred. 

The present invention has been made taking the foregoing 
problems into consideration, an object of which is to provide 
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an illiamination optical apparatus which makes it possible to 
realize mutually different illumination conditions in two 
directions perpendicular to one another on an illumination 
objective plane ^ and an exposure apparatus which is provided 
with the illiomination optical apparatus. Another object of the 
present invention is to provide a method for producing 
microdevices, which makes it possible to produce a good 
microdevice under a good illumination condition by using an 
exposure apparatus which is capable of setting optimiam 
illxamination conditions in perpendicular two directions on a 
mask formed with a pattern with certain orientation. Still 
another object of the present invention is to provide, for 
example, an exposure apparatus and an exposure method in which 
a pattern on a mask can be correctly transferred under an 
appropriate illiamination condition, and the optical performance 
of a projection optical system can be confirmed highly 
accurately at the same time when the pattern on the mask is 
correctly transferred. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, there is 
provided an illumination optical apparatus, comprising: a first 
optical integrator which forms a first multiple light source 
on the basis of the light beam from the light source; a second 
optical integrator which forms a second multiple light source 
on the basis of the light beam from the first multiple light 
source, for illuminating an illumination objective plane with 
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a light beam from the second multiple light source, further 
comprising a magnification-varying optical system which is 
arranged in an optical path between the first optical 
integrator and the second optical integrator and which 
similarly changes an entire size of the second multiple light 
source; and an aspect ratio-changing element which changes an 
aspect, ratio of an incoming light beam in order to change an 
angle of incidence of the incoming light beam in a 
predetermined direction into the optical integrator. 

According to a second aspect of the present invention, there is 
provided an illumination optical apparatus coirprising: an 
optical integrator which forms a multiple light source on the 
basis of the light beam from the light source; a guiding 
optical system which guides the light beam from the optical 
integrator to the illumination objective plane; a light beam- 
converting element which converts the light beam from the light 
source into a light beam having a predeteimined cross-sectional 
configuration or a light beam having a predetermined light 
intensity distribution; and an aspect ratio-changing element 
which is arranged in the optical path between the light beam- 
converting element and the optical integrator and changes an 
aspect ratio of an incoming light beam in order to change an 
angle of incidence of the incoming light beam in a 
predetermined direction into the optical integrator. 

According to the first and the second aspect of the present 
invention, the aspect ratio-changing element may be constructed 
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to be rotatable about a center of an optical axis of the aspect 
ratio-changing element. The aspect ratio-changing element may 
include a first aspect ratio-changing element which is arranged 
in the optical path between the light source and the optical 
integrator and changes an angle of incidence of the incoming 
light beam into the first optical integrator in a first 
direction^ and a second aspect ratio-changing element which is 
arranged in the optical path between the light source and the 
optical integrator and changes an angle of incidence of the 
incoming light beam into the first optical integrator in a 
second direction traverse to the first direction- The aspect 
ratio-changing element may include a first prism which has a 
refractive surface having a concave cross section in the 
predetermined direction, a second prism which has a refractive 
surface having a convex cross section formed complementarily 
with the refractive surface having the concave cross section of 
the first prism, and a driving unit which is connected to at 
least one of the first prism and the second prism and moves at 
least one of the first prism and the second prism along an 
optical axis. In this case, the concave cross section of the 
first prism may have a V-shaped configuration. 

According to a third aspect of the present invention, there is 
provided an exposure apparatus comprising: the illumination 
optical apparatus according to the first and second aspect of 
the present invention; and a projection optical system which 
projects an image of the pattern onto a photosensitive 
substrate arranged at an illumination objective plane. 
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According to a fourth aspect of the present invention, there is 
provided a method of manufacturing a microdevice, comprising 
the steps of: an exposing step of exposing a pattern on the 
mask onto the photosensitive substrate with the exposure 
apparatus according to the third aspect of the present 
invention; and a developing step of developing the 
photosensitive substrate exposed in the exposing step. 

According to a fifth aspect of the present invention, there is 
provided An illumination optical apparatus comprising: an 
illumination optical system which illuminates an illumination 
objective; the illumination optical system comprising a varying 
mechanism which varies at least one of a size and a shape of an 
illumination light beam on a pupil of the illumination optical 
system, wherein: the varying mechanism includes a first 
displacement unit which is arranged in an illumination optical 
path and displaces the illumination light beam symmetrically 
with respect to an optical axis of the illumination optical 
system in a first direction perpendicular to the optical axis 
of the illumination optical system; a second displacement unit 
which is arranged in the illumination optical path and 
displaces the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction; and a magnificat ion- varying optical system 
which varies the size of the illumination light beam. 
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According to the fifth aspect of the present invention^ the 
illumination optical system includes a light shape converter 
which converts the shape of the illumination light beam into a 
desired light beam shape and which guides the illimination 
light beam converted to have the desired light beam shape to 
the varying mechanism. Further, the light shape converter 
includes a first diffractive optical member which converts the 
shape of the illumination light beam into a first light beam 
shape, and a second diffractive optical member which is 
provided exchangeably with the first diffractive optical 
member and which converts the shape of the illijonination light 
beam into a second light beam shape. Further, the illumination 
optical system includes an optical integrator which is 
arranged in an optical path between the varying mechanism and 
the illumination objective and which uniformly illuminates the 
illumination objective. 

According to a sixth aspect of the present invention, there is 
provided an exposure method for exposing a pattern on a mask 
onto a photosensitive substrate, comprising: an illuminating 
step of illuminating the mask via an illumination optical 
system; and a projecting step of projecting an image of the 
pattern on the mask onto the photosensitive substrate, 
wherein: the illuminating step comprises a converting step of 
converting the illumination light beam into one having an 
annular configuration on the pupil of the illumination optical 
system; a first displacing step of displacing an illumination 
light beam symmetrically with respect to an optical axis of 
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the illumination optical system in a first direction 
perpendicular to the optical axis of the illumination optical 
system; a second displacing step of displacing the 
illxamination light beam symmetrically with respect to the 
optical axis in a second direction which is perpendicular to 
the optical axis and which intersects the first direction; and 
a magnification varying step of varying a size of the 
illumination light beam. 

According to a seventh aspect of the present invention,, there 
is provided an exposure method for exposing a pattern on a 
mask onto a photosensitive substrate, comprising: an 
illuminating step of illuminating the mask via an illumination 
optical system; and a projecting step of projecting an image 
of the pattern on the mask onto the photosensitive substrate, 
wherein: the illuminating step comprises a first displacing 
step of displacing an illumination light beam symmetrically 
with respect to an optical axis of the illumination optical 
system in a first direction perpendicular to the optical axis 
of the illumination optical system; a second displacing step 
of displacing the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction; and a changing step of changing a size of the 
illiamination light beam. 

According to a eighth aspect of the present invention, there 
is provided an exposure method for exposing a pattern on a 
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mask onto a photosensitive siibstrate, comprising: an 
illviminating step of illuminating the mask via an illijmination 
optical system; and a projecting step of projecting ' an image 
of the pattern on the mask onto the photosensitive substrate^ 
wherein: the illuminating step comprises a changing step of 
changing an illumination condition for the mask; the changing 
step comprises a selecting step of selecting at least one of a 
first setting step of setting a first illumination condition 
for the illumination optical system, and a second setting step 
of setting a second illumination condition for the 
illimination optical system; the first setting step comprises 
a step of converting the illumination light beam into one 
having an annular configuration on the pupil of the 
illumination optical system, a first displacing step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis in the first direction which is 
perpendicular to the optical axis of the illumination optical 
system, and a second displacing step of displacing the 
illumination light beam symmetrically with respect to the 
optical axis in a second direction which is perpendicular to 
the optical axis and which intersects the first direction; and 
the second setting step comprises a first displacing step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis in the first direction which is 
perpendicular to the optical axis of the illumination optical 
system, a second displacing step of displacing the 
illumination light beam symmetrically with respect to the 
optical axis in the second direction which is perpendicular to 
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the optical axis and which intersects the first direction^ and 
a step of changing a size of the illumination light beam. 

According to a ninth aspect of the present invention^ there is 
provided an illijmination optical apparatus comprising: an 
illumination optical system which illuminates an illumination 
objective; the illumination optical system comprising a 
varying mechanism which varies at least one of a size and a 
shape of an illumination light beam on a pupil of the 
illumination optical system, wherein: the varying mechanism 
includes an annular ratio-varying unit which converts the 
illumination light beam into one having an annular 
configuration with a desired annular ratio; and a first 
displacement unit which is arranged in an illumination optical 
path and displaces the illumination light beam symmetrically 
with respect to an optical axis of the illumination optical 
system in a first direction perpendicular to the optical axis 
of the illumination optical system. 

According to the ninth aspect of the present invention, the 
varying mechanism includes a magnification-varying optical 
system which varies the size of the illumination light beam. 
Further, the varying mechanism includes a second displacement 
unit which is arranged in the illumination optical path and 
displaces the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction. Further, the illumination optical system 
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includes a light shape converter which converts the shape of 
the illumination light beam into a desired light beam shape 
and which guides the illumination light beam converted to have 
the desired light beam shape to the varying mechanism. 
Further, the light shape converter includes a first 
diffractive optical member which converts the shape of the 
illumination light beam into a first light beam shape, and a 
second diffractive optical member which is provided 
exchangeably with the first diffractive optical member and 
which converts the shape of the illumination light beam into a 
second light beam shape. Further, the illumination optical 
system includes an optical integrator which is arranged in an 
optical path between the varying mechanism and the 
illumination objective and which uniformly illuminates the 
illumination objective. 

According to a tenth aspect of the present invention, there is 
provided an exposure method for exposing a pattern on a mask 
onto a photosensitive substrate, comprising: an illuminating 
step of illuminating the mask via an illumination optical 
system; and a projecting step of projecting an image of the 
pattern on the mask onto the photosensitive substrate, 
wherein: the illuminating step comprises a varying step of 
varying at least one of a size and a shape of an illumination 
light beam on a pupil of the illumination optical system; the 
varying step comprises an annular ratio-varying step of 
converting the illumination light beam into one having an 
annular configuration having a desired annular ratio on the 
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pupil of the illumination optical system, and a first 
displacing step of displacing the illumination light beam 
symmetrically with respect to the optical axis of the 
illxomination optical system in the first direction which is 
perpendicular to the optical axis. 

According to the tenth aspect of the present invention, the 
varying step further comprises a step of changing a size of 
the illumination light beam. Further, the varying step 
further comprises a second displacing step of displacing the 
illumination light beam symmetrically with respect to the 
optical axis in a second direction which is perpendicular to 
the optical axis and which intersects the first direction . 
Further, the illuminating step further comprises a light 
shape-converting step of converting a shape of the 
illumination light beam into a desired light beam shape before 
the varying step. Further, the light shape-converting step 
comprises a first diffracting step of converting the shape of 
the illumination light beam into a first light beam shape by 
using a first diffractive optical member, and a second 
diffracting step of converting the shape of the illumination 
light beam into a second light- beam shape by using a second 
diffractive optical member which is provided exchangeably with 
the first diffractive optical member. Further, the 
illuminating step comprises uniformly illuminating step of 
illuminating the illumination objective by using an optical 
integrator . 
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According to a eleventh aspect of the present invention, there 
is provided an exposure method for exposing a pattern on a 
mask onto a photosensitive substrate, comprising: . an 
illuminating step of illuminating the mask via an illumination 
optical system; and a projecting step of projecting an image 
of the pattern on the mask onto the photosensitive substrate, 
wherein: the illuminating step comprises a changing step of 
changing an illumination condition for the mask; the changing 
step comprises a selecting step of selecting at least one of a 
first setting step of setting a first illumination condition 
for the illumination optical system, and a second setting step 
of setting a second illumination condition for the 
illumination optical system; the first setting step comprises 
an annular ratio varying step of converting a the illumination 
light beam into one having an annular configuration with a 
desired annular ratio on the pupil of the illumination optical 
system, and a changing step of changing a size of the 
illumination light beam; and the second setting step comprises 
a step of displacing the illumination light beam symmetrically 
with respect to the optical axis in a predetermined direction 
which is perpendicular to the optical axis of the illumination 
optical system, and a changing step of changing a size of the 
illiomination light beam. 

According to a twelfth aspect of the present invention, there 
is provided an exposure method for exposing a pattern on a 
mask onto a photosensitive substrate, comprising: an 
illuminating step of illuminating the mask via an illumination 
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optical system; and a projecting step of projecting an image 
of the pattern on the mask onto the photosensitive siobstrate^ 
wherein: the illuminating step comprises an annular ratio 
varying step of converting a the illumination light beam into 
one having an annular configuration with a desired annular 
ratio on the pupil of the illumination optical system, and a 
step of displacing the illumination light beam symmetrically 
with respect to the optical axis in a first direction which is 
perpendicular to the optical axis of the illumination optical 
system^ and a step of displacing the illumination light beam 
symmetrically with respect to the optical axis in the second 
direction which is perpendicular to the optical axis and which 
intersects the first direction. 

According to a thirteenth aspect of the present invention^ 
there is provided an exposure method for exposing a pattern on 
a mask onto a photosensitive substrate, comprising: an 
illuminating step of illuminating the mask via an illumination 
optical system; and a projecting step of projecting an image 
of the pattern on the mask onto the photosensitive substrate, 
wherein: the illuminating step comprises a changing step of 
changing an illumination condition for the mask; the changing 
step comprises a selecting step of selecting at least one of a 
first setting step of setting a first illumination condition 
for the illumination optical system, a second setting step of 
setting a second illumination condition for the illumination 
optical system, and a third setting step of setting a third 
illumination condition for the illumination optical system; 
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the first setting step comprises an annular ratio varying step 
of converting a the illumination light beam into one having an 
annular configuration with a desired annular ratio on the 
pupil of the illumination optical system, a first displacing 
step of displacing the illumination light beam symmetrically 
with respect to the optical axis in a first direction which is 
perpendicular to the optical axis of the illumination optical 
system, and a second displacing step of displacing the 
illumination light beam symmetrically with respect to the 
optical axis in the second direction which is perpendicular to 
the optical axis and which intersects the first direction; the 
second setting step comprises an annular ratio varying step of 
converting a the illumination light beam into one having an 
annular configuration with a desired annular ratio, and a 
changing step of changing a size of the illumination light 
beam; the third setting step comprises a first displacing step 
of displacing the illumination light beam symmetrically with 
respect to the optical axis in a first direction which is 
perpendicular to the optical axis of the illumination optical 
system, a second displacing step of displacing the 
illumination light beam symmetrically with respect to the 
optical axis in the second direction which is perpendicular to 
the optical axis and which intersects the first direction, and 
a changing step of changing a size of the illumination light 
beam. 

According to a fourteenth aspect of the present invention, 
there is provided an exposure apparatus comprising: the 
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illumination optical apparatus according to the fifth or the 
ninth aspect of the present invention; and a projection 
optical system which projects an image of the pattern onto a 
photosensitive substrate arranged at an illumination objective 
plane . 

According to a fifteenth aspect of the present invention, 
there is provided a method of manufacturing a microdevice, 
comprising the steps of: an exposing step of exposing a 
pattern on the mask onto the photosensitive substrate with the 
exposure apparatus according to the fourteenth aspect of the 
present invention; and a developing step of developing the 
photosensitive substrate exposed in the exposing step. 

According to a sixteenth aspect of the present invention, 
there is provided a method of manufacturing a microdevice, 
comprising the steps of: an exposing step of exposing a 
pattern on the mask onto the photosensitive substrate by using 
the exposing method according to one of the sixth to eighth 
aspects, or the tenth to thirteenth aspects of the present 
invention; and a developing step of developing the 
photosensitive substrate exposed in the exposing step. 

According to a seventeenth aspect of the present invention, 
there is provided an exposure method for exposing a pattern on 
a mask onto a photosensitive substrate, comprising: an 
illuminating step of illuminating the mask via an illumination 
optical system; a projecting step of projecting an image of 
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the pattern on the mask onto the photosensitive substrate by 
using a projection optical system, and a measuring step of 
measuring an optical characteristic of the projection optical 
system, wherein the illuminating step comprises: an exposure 
condition-setting step of setting a a value as an illumination 
condition to be within a range of 0.4 ^ a ^ 0.95 when the 
projecting step is executed; and a measuring condition-setting 
step of setting the a value as the illumination condition to 
be within a range of 0.01 ^ o ^ 0.3 when the measuring step 
is executed. In this case, a scanning step of moving the mask 
and the photosensitive substrate in a scanning direction when 
the projecting step is executed, wherein: the . illuminating 
step comprises a step of foanning a rectangular illumination 
area having a length Ls of a longitudinal direction and a 
length LI of a transverse direction on the mask; and a 
relationship of 0.05 ^ Ls/Ll ^ 0.7 is satisfied. 

According to a eighteenth aspect of the present invention, 
there is provided an exposure apparatus for exposing a pattern 
on a mask onto a photosensitive substrate, comprising: an 
illumination optical system which illuminates the mask; and a 
projection optical system which projects an image of the 
pattern on the mask onto the photosensitive substrate, 
wherein: the illumination optical system includes an 
illumination condition-setting mechanism which is attached to 
the illumination optical system and sets a a value as an 
illumination condition to be within a range of 0.4 ^ a ^ 0.95 
when the photosensitive substrate is exposed with the pattern 



25 



on the mask and which sets the a value as the illumination 
condition to be within a range of 0.01 ^ a ^ 0.3 when an 
optical characteristic of the projection optical system is 
measured- In this case^ the exposure apparatus further 
comprises a scanning unit which moves the mask and the 
photosensitive substrate in a scanning direction when the 
photosensitive substrate is exposed with the pattern on the 
mask, wherein: a relationship of 0.05 ^ Ls/Ll ^ 0.7 is 
satisfied provided that Ls represents a length in a transverse 
direction of an illumination area formed on the mask by the 
illumination optical system, and LI represents a length in a 
longitudinal direction of the illumination area formed on the 
mask by the illumination optical system . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In a typical embodiment of the present invention, for example, 
a light beam-converting element such as a diffraction optical 
element (diffractive optical element; DOE) is used to convert a 
light beam from a light source into a light beam having a 
quadrupole (four-spot) or annular configuration. The four-spot 
or annular light beam is collected by a predetermined optical 
system, and it comes, from an oblique direction with respect to 
the optical axis, into a first optical integrator such as a 
micro fly's eye lens or a micro lens array (hereinafter 
referred to as "micro fly's eye") . Accordingly, a first 
multiple light source is formed by the micro fly's eye. The 
light beam from the first multiple light source passes through 
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a predetermined optical system, and then it forms a second 
multiple light source, i.e., a four-spot or annular secondary 
light source by the aid of a second optical integrator such as 
a fly's eye lens. 

In the present invention, the apparatus is provided with an 
aspect ratio-changing element for changing the aspect ratio of 
the incoming light beam, in order to change the angle of 
incidence of the incoming light beam into the micro fly's eye 
in a predetermined direction. The aspect ratio-changing element 
includes, for exairple, a first prism which has a refractive 
surface having a V-shaped concave cross section in a 
predetermined direction, and a second prism which has a 
refractive surface having a V-shaped convex cross section 
formed complementarily with respect to the refractive surface 
of the V-shaped concave cross section of the first prism. 
Further, at least any one of the first prism and the second 
prism is constructed to be movable along the optical axis. 

Therefore, when the spacing distance between the concave 
refractive surface of the first prism and the V-shaped convex 
refractive surface of the second prism is changed, the entire 
size of the four- spot or annular secondary light source is 
changed in a predetermined direction. As a result, the 
illumination optical apparatus according to the present 
invention makes it possible to realize mutually different 
illumination conditions in two directions perpendicular to one 
another on the illumination objective plane. Therefore, when 
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the exposure apparatus, which is incorporated with the 
illumination optical apparatus of the present invention, is 
used, it is possible to set optimum illumination conditions in 
the two orthogonal directions perpendicular to one another on a 
mask on which the pattern has orientation. Thus, a good 
microdevice can be produced under a good illumination 
condition. 

The embodiments of the present invention will be explained on 
the basis of the accompanying drawings. 

(First Embodiment) 

FIG. 1 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a first embodiment of the present invention. With 
reference to FIG. 1, the X, Y and Z axes are set as follows. 
That iS;, the Z axis extends in the direction of the normal line 
of a wafer as a photosensitive substrate, the Y axis extends in 
the direction parallel to the plane of paper of FIG. 1 in the 
wafer surface, and the X axis extends in the direction 
perpendicular to the plane of paper of FIG. 1 in the wafer 
surface. In FIG. 1, the illumination optical apparatus is set 
to perform the quadrupole illumination. 

The exposure apparatus shown in FIG. 1 is provided with an 
excimer laser light source for supplying the light having a 
wavelength of, for example, 248 nm (KrF) or 193 nm (ArF) as a 
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light source 1 for supplying the exposure light beam 
(illiomination light beam) . The substantially parallel light 
beam^ which is radiated from the light source 1 in the Z 
direction, comes into a beam expander 2 which has a rectangular 
cross section extending slenderly in the X direction and which 
is composed of a pair of lenses 2a, 2b. The respective lenses 
2a, 2b have the negative refractive power and the positive 
refractive power in the plane of paper of FIG. 1 (in the YZ 
plane) respectively- Therefore, the light beam, which comes 
into the beam expander 2, is enlarged in the plane of paper of 
FIG- 1, and it is shaped into a light beam having a 
predetermined rectangular cross section. 

The substantially parallel light beam, which has passes through 
the beam expander 2 as the shaping optical system, is deflected 
by a bending mirror 3 in the Y direction, and then it comes 
into a diffracting optical element (diffractive optical 
element: DOE) 4 for the quadrupole illumination- In general, 
the diffracting optical element is constructed such that the 
difference in height having a pitch approximately equal to the 
wavelength of the exposure light beam (illumination light beam) 
is formed on a glass substrate. The diffracting optical element 
has a function to diffract the incoming light beam at a desired 
angle. The light beam, which comes into the diffracting optical 
element 4 for the quadrupole illiamination, is diffracted in 
specified four directions at equal angles about the center of 
the optical axis AX to provide four light beams, i.e., the 
four-spot light beam. As described above, the diffracting 
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optical element 4 constitutes a light beam-converting element 
for converting the light beam from the light source 1 into the 
four-spot light beam. 

The diffracting optical element 4 is insertable and detachable 
with respect to the illumination optical path, and it is 
exchangeable with a diffracting optical element 4a for the 
annular illumination and a diffracting optical element 4b for 
the conventional circular illiamination . The construction and 
the function of the diffracting optical element 4a for the 
annular illumination and the diffracting optical element 4b for 
the conventional circular illiamination will be described later 
on. In this embodiment, the diffracting optical element 4 for 
the quadrupole illumination is exchanged with the diffracting 
optical element 4a for the annular illumination or the 
diffracting optical element 4b for the conventional circular 
illumination by means of a first driving system 22 which is 
operated on the basis of a command from a control system 21- 

The four-spot light beam, which is formed by the aid of the 
diffracting optical element 4, comes into an afocal zoom lens 
(magnification-varying relay optical system) 5 to form four 
spot images (spot-shaped light sources) on the pupil plane. The 
light beams from the four spot images fom a siabstantially 
parallel light beam which outgoes from the afocal zoom lens 5 
and which comes into a micro fly's eye 6. The afocal zoom lens 
5 is constructed such that the diffracting optical element 4 
and the light-incoming surface of the micro fly's eye 6 are 
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maintained to be in an optically substantially conjugate 
relationship, and the magnification can be continuously changed 
within a predetermined range while maintaining the afocal 
system (afocal optical system) . In this arrangement, the 
magnification of the afocal zoom lens 5 is changed by using a 
second driving system 23 which is operated on the basis of a 
command from the control system 21. 

Accordingly, the light beam comes into the light-incoming 
surface of the micro fly's eye 6 from an oblique direction 
substantially symmetrically with respect to the optical axis 
AX. The micro fly's eye 6 is an optical element coirposed of a 
large number of regular hexagonal minute lenses having the 
positive refractive power arranged densely in the vertical and 
lateral directions. In general, the micro fly's eye is 
constructed such that a plane parallel glass plate is subjected 
to an etching treatment to form a group of minute lenses. 

In this arrangement, the respective minute lenses, which 
constitute the micro fly's, eye, are more minute than the 
respective lens elements which constitute the fly's eye lens. 
In the micro fly's eye, the large number of minute lenses are 
formed in an integrated manner without being isolated from each 
other, unlike the fly's eye lens which is composed of the lens 
elements isolated from each other. However, the micro fly's eye 
is the same as the fly's eye lens in that the lens elements 
having the positive refractive power are arranged vertically 
and laterally. In FIG. 1, for the purpose of clarification of 
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the drawing^ the minute lenses for constructing the micro fly's 
eye are depicted in a number which is extremely smaller than . 
the actual number. 

Therefore, the light beam, which comes into the micro fly's eye 
6, is two-dimensionally divided by the large number of minute 
lenses • One group of light source including four spots is 
formed on the rear side focal plane of each of the minute 
lenses. As described above, the micro fly's eye 6 constitute a 
first optical integrator for forming a first multiple light 
source coirposed of a large number of light sources on the basis 
of the light beam coming from the light source 1. 

The light beam from the large niamber of light sources formed on 
the rear side focal plane of the micro fly's eye 6 illuminates, 
in a superimposed manner, a fly's eye lens 8 as a second 
optical integrator via a zoom lens (magnification-varying 
optical system) 7 - The zoom lens is a magnification-varying 
optical system for varying the a value in which the focal 
length can be continuously changed within a predetermined 
range. The zoom lens 7 optically connects the rear side focal 
plane of the micro fly's eye 6 and the rear side focal plane of 
the fly's eye lens 8 in a substantially conjugate manner. In 
other words, the zoom lens 7 connects the rear side focal plane 
of the micro fly's eye 6 and the light-incoming surface of the 
fly's eye lens 8 substantially in a relationship of Fourier 
transform. 
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Therefore, the light beam, which comes from the large nimber of 
four-spot light sources formed on the rear side focal plane of 
the micro fly's eye 6, forms a four-spot field composed of four 
illumination fields which are symmetrically eccentric with 
respect to the optical axis AX, on the rear side focal plane of 
the zoom lens 7, and consequently on the light-incoming surface 
of the fly's eye lens 8. The size of the quadrupole 
illumination field is changed depending on the focal length of 
the zoom lens 7 . The focal length of the zoom lens 7 is changed 
by using a third driving system 24 which is operated on the 
basis of a command from the control system 21. 

The fly's eye lens 8 is constructed such that a large number of 
lens elements having the positive refractive power are arranged 
densely in the vertical and lateral directions. Each of the 
respective lens elements for constructing the fly's eye lens 8 
has a rectangular cross section which is similar to the shape 
of the illumination field to be formed on the mask (and 
consequently to the shape of the exposure area to be formed on 
the wafer) . The surface of each of the lens elements for 
constructing the fly's eye lens 8, which is disposed on the 
light-incoming side, is formed to have a spherical 
configuration with its convex surface directed toward the 
light-incoming side, and the surface, which is disposed on the 
light-outgoing side, is formed to have a spherical 
configuration with its convex surface directed toward the 
light-outgoing side. Therefore, the light beam, which comes 
into the fly's eye lens 8, is divided two-dimensionally by the 
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large niainber of lens elements. A large niomber of light sources 
are formed respectively on the rear side focal planes of the 
respective lens elements into which the light beam has come. 

Accordingly, as shown in FIG. 2, a secondary light source, 
which has substantially the same light intensity distribution 
as that of the illumination field formed by the incoming light 
beam into, the fly's eye lens 8, i.e., a quadrupole secondary 
light source substantially composed of four surface light 
sources 31 to 34 which are symmetrically eccentric with respect 
to the optical axis AX, is formed on the rear side focal plane 
of the fly's eye lens 8. As described above, the fly's eye lens 
8 constitutes the second optical integrator for forming the 
second multiple light source composed of light sources of a 
larger number, on the basis of the light beam from the first 
multiple light source formed on the rear side focal plane of 
the micro fly's eye 6 as the first optical integrator . 

The light beam, which comes from the quadrupole secondary light 
source formed on the rear side focal plane of the fly's eye 
lens 8, is restricted by an aperture diaphragm having a four- 
spot light-transmitting section, if necessary, and then the 
light beam is subjected to the light-collecting action of a 
condenser optical system 9. After that, the light beam 
illuminates, in a superimposed manner, the mask M on which a 
predetermined pattern is formed. The light beam, which has 
transmitted through the pattern on the mask M, forms an image 
of the mask pattern on the wafer W as a photosensitive 

34 



substrate by the aid of a projection optical system PL. In 
accordance with this procedure^ the full field exposure or the 
scanning exposure is performed while two-dimensionally driving 
and controlling the wafer W in the plane (XY plane) 
perpendicular to the optical axis AX of the projection optical 
system PL. Thus, the respective exposure areas on the wafer W 
are successively exposed with the pattern on the mask M. 

In the full field exposure, each of the exposure areas on the 
wafer is collectively exposed with the mask pattern in 
accordance with the so-called step-and-repeat system. In this 
case, the shape of the illumination area on the mask M is a 
rectangular configuration which is close to a square. The 
cross-sectional ^ configuration of each of the lens elements of 
the fly's eye lens 8 is also a rectangular configuration which 
is close to a square. On the other hand, in the scanning 
exposure, each of the exposure areas on the wafer is subjected 
to scanning exposure with the mask pattern while relatively 
moving the mask and the wafer with respect to the projection 
optical system in accordance with the so-called step-and-scan 
system. In this case, the shape of the illumination area on the 
mask M is a rectangular configuration in which the ratio 
between the short side and the long side is, . for example, 1:3. 
The cross-sectional configuration of each of the lens elements 
of the fly's eye lens 8 is also a rectangular configuration 
which is similar thereto - 

With reference to FIG- 2 again, the quadrupole secondary light 
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source, which is formed on the rear side focal plane of the 
fly's eye lens 8, is constructed by the four regular hexagonal 
surface light sources 31 to 34. In this case, the centers 31a 
to 34a of the respective surface light sources are separated 
from each other by the same distance from the optical axis AX. 
The quadrilateral, which is formed by connecting the four 
centers 31a to 34a, is a square which has sides parallel to the 
X direction and the Z direction about the center of the optical 
axis AX. That is, the quadrupole secondary light sources, which 
are formed by the fly's eye lens 8, are located in the same 
positional relationship concerning the X direction and the Z 
direction. 

Therefore, the cross-sectional configuration of the light beam 
coming into an arbitrary one point on the mask M as the 
illumination objective plane also has a four-spot configuration 
having the same positional relationship concerning the X 
direction and the Z direction. In other words, the illumination 
condition is identical for the perpendicular two directions (X 
direction and Y direction) on the mask M. Accordingly, in the 
first embodiment, in order to realize mutually different 
illumination conditions in the perpendicular two directions on 
the mask M, a V-shaped axicon 10, which is coirposed of a pair 
of prisms 10a, 10b, is arranged in the optical path of the 
afocal zoom lens 5. 

FIG. 3 schematically shows an arrangement of the pair of prisms 
for constructing a V-shaped axicon system (hereinafter simply 
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referred to as "V-shaped axicon") arranged in the optical path 
of the afocal zoom lens. As shown in FIGS- 1 and 3, the V- 
shaped axicon 10 comprises a first prism 10a which has a flat 
plane directed toward the light source and a concave refraction 
plane directed toward the illumination objective plane, and a 
second prism 10b which has a flat plane directed toward the 
illumination objective plane and a convex refraction plane 
: -r directed toward the light source, the first prism 10a and the 
second prism 10b being arranged in this order from the side of 
the light source. The concave refraction plane 10c of the first 
prism 10a includes two flat surfaces which are parallel in the 
X direction, and it has a V-shaped convex cross section in the 
Z direction. 

The convex refraction plane lOd of the second prism 10b is 
formed so that it is capable of making mutual abutment against 
the concave refraction plane 10c of the first prism 10a. In 
other words, the convex refraction plane lOd of the second 
prism 10b is formed complementarily with respect to the concave 
refraction plane 10c of the first prism 10a. That is, the 
concave refraction plane lOd of the second prism 10b is 
constructed by the two flat surfaces which are parallel in the 
X direction, having a V-shaped concave cross section in the Z 
direction. At least one of the first prism 10a and the second 
prism 10b is constructed to be movable along the optical axis 
AX. The spacing distance between the concave refraction plane 
10c and the convex refraction plane lOd is constructed to be 
variable . 
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The change of the spacing distance of the V-shaped axicon 10, 
i.e., the change of the spacing distance between the concave 
refraction plane 10c and the convex refraction plane lOd is 
effected by a fourth driving system 25 which is operated on the 
basis of a command from the control system 21. For example, the 
information, which concerns a variety of masks to be 
successively exposed in accordance with the step-and-repeat 
system or the step-and-scan system, is inputted into the 
control system 21 by the aid of an input unit 20 such as a 
keyboard. 

In this arrangement, the V-shaped axicon 10 functions as a 
plane parallel plate, and no influence is exerted on the 
quadrupole secondary light source to be formed, in a state in 
which the concave refraction plane 10c of the first prism 10a 
abuts against the convex refraction plane lOd of the second 
prism 10b. However, when the concave refraction plane 10c of 
the first prism 10a and the convex refraction plane lOd of the 
second prism 10b are separated from each other, then the V- 
shaped axicon 10 functions as a plane parallel plate in the X 
direction, but it functions as a beam expander in the Z 
direction. 

Therefore, when the spacing distance between the concave 
refraction plane 10c and the convex refraction plane lOd is 
changed, then the angle of incidence of the incoming light beam 
into the micro fly's eye 6 in the X direction is not changed. 
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but the angle of incidence of the incoming light beam into the 
micro fly's eye 6 in the Y direction is changed. As a result, 
the centers 31a to 34a of the respective surface light sources 
31 to 34 shown in FIG. 2 are not moved in the X direction, but 
they are moved in the Z direction. In this way, the V-shaped 
axicon 10 constitutes an aspect ratio-changing element for 
changing the aspect ratio of the incoming light beam, because 
it changes the angle of incidence of the incoming light beam 
into the micro fly's eye 6 in the Y direction. 

FIG. 4 schematically illustrates the influence exerted on the 
quadrupole secondary light source by the change of the spacing 
distance of the V-shaped axicon, the change of the 
magnification of the afocal zoom lens, and the change of the 
focal length of the zoom lens. As shown in FIG. 4A, when the 
spacing distance of the V-shaped axicon 10 is zero, i.e., when 
the concave refraction plane 10c abuts against the convex 
refraction plane lOd, then the respective surface light sources 
for constructing the quadrupole secondary light source are 
formed in the same positional relationship in relation to the X 
direction and the Z direction. When the spacing distance of the 
V-shaped axicon 10 is changed from zero to a predetermined 
size, then the respective surface light sources are moved in 
the Z direction without changing the shape and the size thereof 
as shown in FIG. 4B, and the spacing distance between the 
centers of the respective surface light sources in the X 
direction is not changed, but the spacing distance in the Z 
direction is increased. 
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When the magnification of the afocal zoom lens 5 is changed in 
the state in which the spacing distance of the V-shaped axicon 
10 is zero, then the respective surface light sources are moved 
by the same distance in the X direction and the Z direction 
without changing the shape and the size thereof as shown in 
FIG. 4C, and the spacing distance between the respective 
surface light sources is increased or decreased. Further, when 
the focal length of the zoom lens 7 is changed in the state in 
which the spacing distance of the V-shaped axicon 10 is zero, 
the entire quadrupole secondary light source is similarly 
increased or decreased as shown in FIG. 4D. That is, the size 
of each of the surface light sources is increased or decreased 
without changing the shape thereof, and the respective surface 
light sources are moved by the same distance in the X direction 
and the Z direction. In order to avoid any deterioration of the 
prism members 10a, 10b which would be otherwise caused by the 
radiation of laser, it is preferable that the prism members 
10a, 10b are arranged while being separated by a spacing 
distance from the light-collecting point at which the four spot 
images are formed in the optical path of the afocal zoom lens 
5. 

As described above, the diffracting optical element 4 is 
constructed insertably and detachably with respect to the 
illumination optical path. Further, the diffracting optical 
element 4 is exchangeable with the diffracting optical element 
4a for the annular illumination or the diffracting optical 
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element 4b for the conventional circular illumination. Brief 
description will be made below for the annular illumination 
obtained by setting the diffracting optical element 4a in the 
illumination optical path in place of the diffracting optical 
element 4 • 

When the diffracting optical element 4a for the annular 
illumination is set in the illumination optical path in place 
of the diffracting optical element 4 for the quadrupole 
illijmination^ an annular light beam is formed by the aid of the 
diffracting optical element 4a- The annular light beam^ which 
is formed by the aid 6f the diffracting optical element 4a, 
comes into the afocal zoom lens 5 to form a ring-shaped image 
(ring-shaped light source) on the pupil plane. The light beam 
from the ring-shaped image forms a substantially parallel light 
beam to be radiated from the afocal zoom lens 5, and it forms a 
first multiple light source on the rear side focal plane of the 
micro fly's eye 6. 

The light beam from the first multiple light source which is 
formed by the micro fly's eye 6 forms an annular illumination 
field about the center of the optical axis AX on the light- 
incoming surface of the fly ' s eye lens 8 by the aid of the zoom 
lens 7. As a result, a secondary light source which has 
substantially the same light intensity as that of the 
illumination field formed on the light-incoming surface, i.e., 
an annular secondary light source which is foinned about the 
center of the optical axis AX is formed on the rear side focal 
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plane of the fly's eye lens 8- 



FIG. 5 schematically illustrates the influence exerted on the 
annular secondary light source by the change of the spacing 
distance of the V-shaped axicon,. the change of the 
magnification of the afocal zoom lens, and the change of the 
focal length of the zoom lens. As shown in FIG. 5A, when the 
spacing distance of the V-shaped axicon 10 is zero, i.e., when 
the concave refraction plane 10c abuts against the convex 
refraction plane lOd, then the respective surface light sources 
for constructing the annular secondary light source are formed 
in the same positional relationship in relation to the X 
direction and the Z direction. When the spacing distance of the 
V-shaped axicon 10 is changed from zero to a predetermined 
size, then the entire size of the annular secondary light 
source is increased in the Z direction without changing the 
width of the annular secondary light source as shown in FIG. 5B 
to form an elliptic annular secondary light source extending in 
the Z direction - 

When the magnification of the afocal zoom lens 5 is changed in 
the state in which the spacing distance of the V-shaped axicon 
10 is zero, then the outer diameter (size) of the annular 
secondary light source is increased or decreased without 
changing the width thereof as shown in FIG. 5C. Further, when 
the focal length of the zoom lens 7 is changed in the state in 
which the spacing distance of the V-shaped axicon 10 is zero, 
the entire annular secondary light source is similarly 
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increased or decreased as shovm in FIG. 5D. That is, both of 
the width and the outer diameter of the annular secondary light 
source are increased or decreased. 

Next, explanation will be made for the conventional circular 
illumination obtained by setting the diffracting optical 
element 4b for the circular illumination in the illumination 
optical path in place of the diffracting optical element 4 or 
4a. The diffracting optical element 4b for the circular 
illumination has a function to convert the incoming rectangular 
light beam into a circular light beam. Therefore, the circular 
light beam, which is formed by the diffracting optical element 
4b, is magnified or reduced by the afocal zoom lens 5 in 
accordance with the magnification thereof, and it comes into 
the micro fly ' s eye 6 . 

Accordingly, a first multiple light source is formed on the 
rear side focal plane of the micro fly's eye 6. The light beam 
from the first multiple light source which is formed on the 
rear side focal plane of the micro fly's eye 6 forms a circular 
illumination field about the center of the optical axis AX on 
the light-incoming surface of the fly's eye lens 8 by the aid 
of the zoom lens 7. As a result, a circular secondary light 
source, which is formed about the center of the optical axis 
AX, is also formed on the rear side focal plane of the fly's 
eye lens 8 . 

In this case, when the spacing distance of the V-shaped axicon 
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10 is changed from zero to a predetermined size^ the circular 
secondary light source is enlarged in the Z direction to form 
an elliptic secondary light source extending in the Z 
direction. When the magnification of the afocal zoom lens 5 is 
changed, or when the focal length of the zoom lens 7 is changed 
in the state in which the spacing distance of the V-shaped 
axicon 10 is zero, then the entire circular secondary light 
source is similarly enlarged or reduced. That is, the outer 
diameter (size) of the circular secondary light source is 
magnified or reduced . 

As described above, in the first embodiment, the entire size of 
the secondary light source is changed in the Z direction 
without being changed in the X direction by changing the 
spacing distance of the V-shaped axicon 10. As a result, it is 

possible to realize the mutually different illumination 
conditions in the perpendicular two directions (X direction and 
Y direction) on the mask M. Consequently, it is possible to set 
the optimum illumination conditions in the perpendicular two 
directions on the mask M on which the pattern has the 
orientation. 

In the embodiment described above, as shown in FIG. 6A, the V- 
shaped axicon 10 is constructed by the first prism which has 
the V-shaped concave cross section and the second prism which 
has the V-shaped convex cross section. However, there is no 
limitation thereto. As shown in FIG. 6B, portions of the V- 
shaped concave cross section and the V-shaped convex cross 
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section, which are disposed in the vicinity of the apexes, may 
be formed to have flat surface configurations perpendicular to 
the optical axis AX as well- Alternatively, in order to obtain 
an elliptic annular secondary light source or an elliptic 
secondary light source in which the contour is relatively 
smooth for the annular illumination or the circular 
illumination, it is preferable that portions of the V-shaped 
concave cross section and the V-shaped convex cross section, 
which are disposed in the vicinity of the apexes, are formed to 
have cylindrical configurations as shown in FIG. .6C. 

In the embodiment described above, the entire size of the 
secondary light source is changed in the Z direction without 
being changed in the X direction by changing the spacing 
distance of the V-shaped axicon 10. However, as shown in FIG. 
7A, the V-shaped axicon 10 may be constructed to be rotatable 
about the center of the optical axis AX, and thus the entire 
size of the secondary light source may be changed in a desired 
direction (for example, in the X direction) as well. 

Alternatively, as shown in FIG- 7B, the entire size of the 
secondary light source may be independently changed in the X 
direction and the Z direction respectively as well by arranging 
two pairs of V-shaped axicons in which the acting directions 
are perpendicular to one another. In this case, when the two 
pairs of the V-shaped axicons are constructed to be rotatable 
about the center of the optical axis AX integrally or 
independently, the entire size of the secondary light source 
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may be independently changed in arbitrary perpendicular two 
directions or in arbitrary two directions respectively as well. 

In the first embodiment described above ^ the diffracting 
optical elements 4, 4a, 4b as the light beam-converting 
elements may be also positioned in the illumination optical 
path, for example, in accordanGe with the turret system or by 
using the known slider mechanism. 

In the first embodiment described above, the shape of the 
minute lens for constructing the micro fly's eye 6 is set to be 
regular hexagonal, for the following reason. That is, the 
regular hexagonal configuration is selected as a polygon which 
is close to a circle, because circular minute lenses cannot be 
arranged densely, resulting in occurrence of any light amount 
loss. However, the shape of each of the minute lenses for 
constructing the micro fly's eye 6 is not limited thereto. It 
is possible to use other appropriate shapes including, for 
example, rectangular shapes - 

Further, in the first embodiment described above, the 
diffracting optical element 4b is positioned in the 
illumination optical path when the conventional circular 
illumination is performed. However, it is also possible to omit 
the use of the diffracting optical element 4b. Further, in the 
first embodiment described above, the diffracting optical 
element is used as the light beam-converting element. However, 
there is no limitation thereto. It is also possible to use, for 
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example^ a micro fly's eye or a minute prism array. Detailed 
explanation concerning the diffracting optical element capable 
of being used in the present invention is disclosed, for 
exairple, in U.S. Pat. No. 5,850/300 and Japanese Patent 
Application Laid-open No. 2001-174615 (corresponding to U.S. 
patent application Ser. No. 09/549,720 filed on Apr. 14, 2000). 
The content of U.S. Pat. No. 5,850,300 and Japanese Patent 
Application Laid-open No. 2001-174615 (corresponds to U.S. 
patent application Ser. No. 09/549,720) is incorporated herein 
by reference . 

The first embodiment described above is constructed such that 
the light beam from the secondary light source is collected by 
using the condenser optical system 9 to illuminate the mask M 
in the superimposed manner. However, an illumination field stop 
(mask blind) and a relay optical system for forming an image of 
the illumination field stop on the mask M may be arranged 
between the condenser optical system 9 and the mask M. In this 
case, the condenser optical system 9 collects the light from 
the secondary light source to illuminate the illiamination field 
stop in a superinposed manner. The relay optical system forms 
the image of an aperture (light- transmitting section) of the 
illumination field stop on the mask M. 

Further, in the first embodiment described above, the fly's eye 
lens 8 is formed by accumulating the plurality of element 
lenses. However, it is also possible that they are micro fly's 
eyes. As described above, the micro fly's eye is formed such 
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that a plurality of minute lens surfaces are provided in a 
matrix configuration on a light-transmitting substrate by means 
of a technique such as etching- There is no substantial 
functional difference between the fly's eye lens and the micro 
fly's eye in relation to the fact that a plurality of light 
source images are formed. However^ the micro fly's eye is 
advantageous, for example, because the size of the aperture of 
one element lens (minute lens) can be made extremely small, the 
production cost can be greatly reduced, and the thickness in 
the optical axis direction can be made extremely thin. 

(Second Embodiment) 

FIG. 10 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a second embodiment of the present invention- The 
second embodiment is constructed similarly to the first 
embodiment. However, the former is basically different from the 
latter in the arrangement ranging from the bending mirror 3 to 
the zoom lens 7, the use of a micro fly's eye (micro lens 
array) 8a in place of the fly's eye lens 8, and the arrangement 
ranging from the condenser optical system 9 to the mask M. The 
second embodiment will be explained below while attracting the 
attention to the difference from the first embodiment. In FIG. 
10, the illumination optical apparatus 4 is set to perfoim the 
quadrupole illumination. 

In the second embodiment, the substantially parallel light 
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beam^ which is radiated from the light source 1, passes along 
the beam expander 2 and the bending mirror 3^ and it comes into 
the diffracting optical element 11a for the quadrupole 
illumination. The diffracting optical element 11a has a 
function to form a four-spot light intensity distribution in 
the far field thereof (Fraunhofer diffraction area) when the 
parallel light beam having a rectangular cross section comes 
thereinto. The diffracting optical element 11a for the 
quadrupole illumination is constructed insertably and 
detachably with respect to the illumination optical path. The 
diffracting optical element 11a for the quadrupole illumination 
is exchangeable with the diffracting optical element lib for 
the annular illumination or the diffracting optical element 11c 
for the circular illumination. 

Specifically, the diffracting optical element 11a is supported 
on a turret substrate (rotary plate ^ not shown in FIG. 10) 
which is rotatable about a predetermined axis parallel to the 
optical axis AX. Those provided on the turret substrate in the 
circumferential direction are a plurality of diffracting 
optical elements 11a having different characteristics for the 
quadrupole illumination, a plurality of diffracting optical 
elements lib having different characteristics for the annular 
illumination, and a plurality of diffracting optical elements 
11c having different characteristics for the circular 
illumination. The turret substrate is rotatable about the axis 
which passes through the central point and which is parallel to 
the optical axis AX. 



49 



Therefore, a desired diffracting optical element, which is 
selected from the large number of diffracting optical elements 
11a to 11c, can be positioned in the illijmination optical path 
by rotating the turret substrate. The rotation of the turret 
substrate (and consequently the switching for the diffracting 
optical elements lla^ lib) is performed by a driving system 26 
which is operated on the basis of a command from the control 
system 21. However, there is no limitation to the turret 
system. For example, the switching for the diffracting optical 
elements 11a, lib, 11c may be also performed in accordance with 
a known slide system. 

The light beam, which has passed through the diffracting 
optical element 11a as a light shape converter, comes into an 
afocal lens (relay optical system) 12. The afocal lens 12 is an 
afocal system (afocal optical system) which is set so that the 
position of the front side focus position and the position of 
the diffracting optical element 11a are substantially 
coincident with each other, and the rear side focus position 
and the position of a predetermined plane 13 indicated by a 
broken line in the drawing are substantially coincident with 
each other. The position of the predetermined plane 13 
corresponds to the position at which the micro fly's eye 6 is 
installed in the first embodiment. 

Therefore, the substantially parallel light beam, which comes 
into the diffracting optical element 11a, forms the four-spot 
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light intensity distribution on the pupil plane of the afocal 
lens 12, and then it forms a substantially parallel light beam 
to be radiated from the afocal lens 12. A conical axicon 14, a 
first V-shaped axicon 15, and a second V-shaped axicon 16 are 
arranged in this order from the side of the light source in the 
optical path between a front side lens group 12a and a rear 
side lens group 12b of the afocal lens 12. Detailed arrangement 
and function of these components will be described later on. 
Basic arrangement and function of the second embodiment will be 
described below while omitting the function of the axicons 14 
to 16 in order to simplify the description. 

The light beam, which has passed through the afocal lens 12, 
comes into a micro fly's eye 8a as an optical integrator via a 
zoom lens (magnification-varying optical system) 7 for varying 
the a value. The a value is defined as o^NAi/NAo=R2/Rl provided 
that Rl represents the size (diameter) of the pupil of the 
projection optical system PL, R2 represents the size (diameter) 
of the illiamination light beam or the light source image formed 
on the pupil of the projection optical system PL, NAo 
represents the numerical . aperture on the side of the mask 
(reticle) M of the projection optical system PL, and NAi 
represents the niomerical aperture of the illumination optical 
system for illuminating the mask (reticle) M. However, in the 
case of the annular illumination, R2 represents the outer 
diameter of the annular illumination light beam or the annular 
light source image which is formed on the pupil of the 
projection optical system PL, and NAi represents the numerical 
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aperture which is determined by the outer diameter of the 
annular light beam formed on the pupil of the illumination 
optical system. In the case of the quadrupole illumination or 
the like^ R2 represents the size or the diameter of the circle 
which circxamscribes the multiple-spot illiomination light beam 
or the multiple-spot light source image formed on the pupil of 
the projection optical system PL^ and NAi represents the 
numerical aperture which is determined by the size or the 
diameter of the circle circumscribing the multiple-spot 
illumination light beam formed on the pupil of the illumination 
optical system. In the case of the annular illumination, the 
annular ratio is defined by Ri/Ro provided that Ro represents 
the outer diameter of the annular illumination light beam, and 
Ri represents the inner diameter of the annular illumination 
light beam. 

The predetermined plane 13 is arranged at the position in the 
vicinity of the front side focus position of the zoom lens 7 . 
The light-incoming surface of the micro fly's eye 8 is arranged 
in the vicinity of the rear side focus position of the zoom 
lens 7. In other words, the zoom lens 7 serves to arrange the 
predetermined plane 13 and the light-incoming surface of the 
micro fly's eye 8a substantially in a relationship of Fourier 
transform, and consequently arrange the pupil plane of the 
afocal lens 12 and the light-incoming surface of the micro 
fly's eye 8a optically substantially in a conjugate manner. 
Therefore, a quadrupole illumination field, which is composed 
of, for example, four illumination fields eccentric with 



52 



respect to the optical axis AX, is formed on the light-incoming 
surface of the micro fly's eye 8a which has the same function 
as that of the fly's eye lens 8 in the first embodiment, in the 
same manner as for the pupil plane of the afocal lens 12. The 
shape of each of the illijmination fields for constructing the 
quadrupole illumination field depends on the characteristic of 
the diffracting optical element 11a. However, in this case, it 
is assumed that the quadrupole illumination field, which is 
composed of four circular illumination fields, is formed. The 
entire shape of the quadrupole illumination field is changed 
similarly depending on the focal length of the zoom lens 7 . 

Each of the minute lenses for constructing the micro fly's eye 
8a has a rectangular cross section which is similar to the 
shape of the illumination field to be formed on the mask M (and 
consequently the shape of the exposure area to be formed on the 
wafer W) . The light beam, which has come into the micro fly's 
eye 8a, is two-dimensionally divided by the large niamber of 
minute lenses to form, on the rear side focal plane (and 
consequently on the pupil of the illumination optical system) , 
the secondary light source having substantially the same light 
intensity distribution as that of the illumination field to be 
formed by the light beam coming into the micro fly's eye 8a, 
i.e., the quadrupole secondary light source composed of four 
circular substantial surface light sources eccentric with 
respect to the optical axis AX. 

The light beam, which comes from the quadrupole secondary light 
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source formed on the rear side focal plane of - the micro fly's 
eye 8a, is subjected to the light-collecting action of the 
condenser optical system 9, and then it illuminates, in a 
superimposed manner, a mask blind 17 as an illumination field 
stop. The light beam, which has passed through the rectangular 
aperture (light-transmitting section) of the mask blind 17, is 
subjected to the light-collecting action of an image-forming 
optical system 18, and then it illxominates the mask M in a 
superimposed manner. The light beam, which has passed through a 
pattern on the mask M, forms an image of the mask pattern on 
the wafer W by the aid of the projection optical system PL, A 
variable aperture diaphragm for defining the numerical aperture 
of the projection optical system PL is provided in the 
projection optical system PL. The pupil of projection optical 
system PL is positioned at a position of the image of the 
variable aperture diaphragm. The variable aperture diaphragm is 
driven by a driving system 27 which is operated on the basis of 
a command from the control system 21. 

FIG. 11 shows a perspective view schematically illustrating an 
arrangement of three axicon systems (hereinafter simply 
referred to as "axicons") which are arranged in the optical 
path between the front side lens group and the rear side lens 
group of the afocal lens in the second embodiment. In the 
second embodiment, as shown in FIG. 11, the conical axicon 14, 
the first V-shaped axicon 15, and the second V-shaped axicon 16 
are arranged in this order from the side of the light source in 
the optical path between the front side lens group 12a and the 
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rear side lens group 12b of the afocal lens 12. 

The conical axicon 14 comprises a first prism member 14a which 
has a flat plane directed toward the light source and a concave 
cone-shaped refraction surface directed toward the mask^ and a 
second prism member 14b which has a flat plane directed toward 
the mask and a convex cone-shaped refraction surface directed 
-toward the light source, the first prism member .14a and the 
second prism member 14b being arranged in this order from the 
side of the light source. The concave cone-shaped refraction 
surface of the first prism member 14a and the convex cone- 
shaped refraction surface of the second prism member 14b are 
formed complementarily so that they are capable of making 
mutual abutment . 

At least one member of the first prism member 14a and the 
second prism member 14b is constructed to be movable along the 
optical axis AX. The spacing distance between the concave cone- 
shaped refraction surface of the first prism member 14a and the 
convex cone-shaped refraction surface of the second prism 
member 14b is variable. The spacing distance of the conical 
axicon 14 is changed by a driving system 28a which is operated 
on the basis of a command from the control system 21. 

In this arrangement, the conical axicon 14 functions as a plane 
parallel plate in a state in which the concave cone-shaped 
refraction surface of the first prism member 14a abuts against 
the convex cone-shaped refraction surface of the second prism 
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member 14b. No influence is exerted on the quadrupole secondary 
light source to be formed. However, when the concave cone- 
shaped refraction surface of the first prism member 14a is 
separated from the convex cone-shaped refraction surface of the 
second prism member 14b, the conical axicon 14 functions as a 
so-called beam expander. Therefore, the angle of the incoming 
light beam into the predetermined plane 13 is changed in 
accordance with the change of the spacing distance of the 
conical axicon 14. 

The first V-shaped axicon 15 comprises a first prism member 15a 
which has a flat plane directed toward the light source and a 
concave refraction plane having a V-shaped configuration 
directed toward the mask, and a second prism member 15b which 
has a flat plane directed toward the mask and a convex 
refraction plane having a V-shaped configuration directed 
toward the light source- The concave refraction plane of the 
first prism member 15a includes two flat surfaces with a line 
of intersection thereof extending in the Z direction. The 
convex refraction plane of the second prism member 15b is 
formed to make mutual abutment against the convex refraction 
plane of the first prism member 15a- In other words, the convex 
refraction plane of the second prism member 15b is formed 
complementarily with the concave refraction plane of the first 
prism member 15a- 

That. is, the convex refraction plane of the second prism member 
15b also includes two flat surfaces with a line of intersection 
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thereof extending in the Z direction. At least one of the first 
prism member 15a and the second prism member 15b is constructed 
to be movable along the optical axis AX. The spacing distance 
between the concave refraction plane of the first prism member 
15a and the convex refraction plane of the second prism member 
15b is variable. The spacing distance of the first V-shaped 
axicon 15 is changed by a driving system 28b which is operated 
on the basis of a command from the control system 21. 

The second V-shaped axicon 16 comprises a first prism member 
16a which has a flat plane directed toward the light source and 
a concave refraction plane having a V-shaped configuration 
directed toward the mask, and a second prism member 16b which 
has a flat plane directed toward the mask and a convex 
refraction plane having a V-shaped configuration directed 
toward the light source. The concave refraction plane of the 
first prism member 16a includes two flat surfaces with a line 
of intersection thereof extending in the x direction. The 
convex refraction plane of the second prism member 16b is 
formed complementarily with the concave refraction plane of the 
first prism member 16a. That is, the convex refraction plane* of 
the second prism member 16b also includes two flat surfaces 
with a line of intersection thereof extending in the X 
direction . 

At least one of the first prism member 16a and the second prism 
member 16b is constructed to be movable along the optical axis 
AX. The spacing distance between the concave refraction plane 
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of the first prism member 16a and the convex refraction plane 
of the second prism member 16b is variable. The spacing 
distance of the second V-shaped axicon 16 is changed by a 
driving system 28c which is operated on the basis of a command 
from the control system 21. 

In this arrangement, in a state in which the concave refraction 
plane and the convex refraction plane, which are opposed to one 
another, make mutual abutment, each of the first V-shaped 
axicon' 15 and the second V-shaped axicon 16 functions as a 
plane parallel plate, and no influence is exerted on the 
quadrupole secondary light source to be formed. However, when 
the concave refraction plane and the convex refraction plane 
are separated from each other, then the first V-shaped axicon 
15 functions as a plane parallel plate in the Z direction, but 
it functions as a beam expander in the X direction. When the 
concave refraction plane and the convex refraction plane are 
separated from each other, then the second V-shaped axicon 16 
functions as a plane parallel plate in the X direction, but it 
functions as a beam expander in the Z direction. 

FIG. 12 illustrates the function of the conical axicon for the 
secondary light source formed by the quadrupole illiomination in 
the second embodiment. In the quadrupole illiamination in the 
second embodiment, when the spacing distance of the conical 
axicon 14 is enlarged from zero to a predetermined value, then 
each of the circular surface light sources 40a to 40d for 
constructing the quadrupole secondary light source is moved 
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outwardly in the radial direction of the center formed about 
the center of the optical axis AX, and the shape is changed 
from the circular configuration to the elliptic configuration. 
That is, the line segment/ which connects the central point of 
each of the circular surface light sources 40a to 40d before 
the change and the central point of each of the elliptic 
surface light sources 41a to 41d after the change, passes 
through the optical axis AX, and the distance of movement of 
the central point depends on the spacing distance of the 
conical axicon 14 . 

Further, the angle, at which each of the circular surface light 
sources 40a to 40d before the change is viewed from the optical 
axis AX (angle formed by a pair of tangential lines extending 
from the optical axis AX to the respective surface light 
sources 40a to 40d) is equal to the angle at which each of the 
elliptic surface light sources 41a to 41d after the change is 
viewed from the optical axis AX. The diameter of each of the 
circular surface light sources 40a to 40d before the change is 
equal to the short diameter of each of the elliptic surface 
light sources 41a to 4 Id after the change in the radial 
direction of the circle formed about the center of the optical 
axis AX. The size of the long diameter of each of the elliptic 
surface light sources 41a to 4 Id after the change, which is 
disposed in the circumferential direction of the circle formed 
about the center of the optical axis AX, depends on the 
diameter of each of the circular surface light sources 40a to 
40d before the change and the spacing -distance of the conical 
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axicon 14 . 



Therefore, when the spacing distance of the conical axicon 14 
is increased from zero to a predetermined value, then the 
quadrupole secondary light source, which is constructed by the 
four circular surface light sources, is changed into the 
quadrupole secondary light source constructed by the four 
elliptic surface light sources, and thus the outer diameter and 
the annular ratio can be changed without changing the width of 
the secondary light source before the change- In this case, the 
width of the quadrupole secondary light source is defined as 
1/2 of the difference between the diameter of the circle 
circumscribing the four surface light sources, i.e., the outer 
diameter and the diameter of the circle inscribing the four 
surface light sources, i.e., the inner diameter. The annular 
ratio of the quadrupole secondary light source is defined as 
the ratio of the inner diameter to the outer diameter (inner 
diameter /outer diameter) . 

FIG. 13 illustrates the function of the zoom lens for the 
secondary light source formed by the quadrupole illumination in 
the second embodiment. In the quadrupole illumination in the 
second embodiment, when the focal length of the zoom lens 7 is 
changed, the entire shape of the quadrupole secondary light 
source, which is constructed by the four circular surface light 
sources 42a to 42d, is similarly changed. That is, the 
respective circular surface light sources 42a to 42d for 
constructing the quadrupole secondary light source are moved in 
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the radial directions of the circle formed about the center of 
the optical axis AX while maintaining the circular 
configuration - 

The line segment, which connects the central point of each of 
the surface light sources 42a to 42d before the change and the 
central point of each of the surface light sources 43a to 43d 
after the change, passes through the optical axis AX, and the 
distance of movement and the direction of movement of the 
central point depend on the change of the focal length of the 
zoom lens 7. Further, the angle, at which each of the surface 
light sources 42a to 42d before the change is viewed from the 
optical axis AX is equal to the angle at which each of the 
surface light sources 43a to 43d after the change is viewed 
from the optical axis AX. Accordingly, only the outer diameter 
of the quadrupole secondary light source can be changed by 
changing the focal length of the zoom lens 7 without changing 
the annular ratio of the quadrupole secondary light source. 

FIG. 14 illustrates the function of the first V-shaped axicon 
and the second V-shaped axicon for the secondary light source 
formed by the quadrupole illumination in the second embodiment. 
When the spacing distance of the first V-shaped axicon 15 is 
changed, then the angle of incidence of the incoming light beam 
into the predetermined plane 13 in the Z direction is not 
changed, but the angle of incidence of the incoming light beam 
into the predetermined plane 13 in the X direction is changed. 
As a result, as shown in FIG. 14A, the four circular surface 
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light sources 44a to 44d are not moved in the Z direction, but 
they are moved in the X direction while maintaining the shape 
and the size thereof. That is, when the spacing distance of the 
first V-shaped axicon 15 is increased from zero to a 
predetermined value, then the surface light sources 44b, 44c 
are moved in the -X direction, and the surface light sources 
44a, 44d are moved in the +x direction . 

On the other hand, when the spacing distance of the second V- 
shaped axicon 15 is changed, the angle of incidence of the 
incoming light beam into the predetermined plane 13 in the X 
direction is not changed, but the angle of incidence of the 
incoming light beam into the predetermined plane 13 in the Z 
direction is changed. As a result, as shown in FIG. 14B, the 
four circular surface light sources 44a to 44d are not moved in 
the X direction, but they are moved in the Z direction while 
maintaining the shape and the size thereof. That is, when the 
spacing distance of the second V-shaped axicon 16 is increased 
from zero to a predetermined value, then the surface light 
sources 44a, 44b are moved in the +Z direction, and the surface 
light sources 44c, 44d are moved in the -Z direction. 

When both of the spacing distance of the first V-shaped axicon 
15 and the spacing distance of the second V-shaped axicon 16 
are changed, both of the angle of incidence of the incoming 
light beam into the predetermined plane 13 in the X direction 
and the angle of incidence of the incoming light beam into the 
predetermined plane 13 in the z direction are changed. As a 
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result, as shovm in FIG. the respective four circular 

surface light sources 44a to 44d. are moved in the Z direction 
and in the X direction while maintaining the shape and the size 
thereof. That is, when both of the spacing distance of the 
first V-shaped axieon 15 and the spacing distance of the second 
V-shaped axicon 16 are increased from zero to the predetermined 
values, then the surface light source 44a is moved in the +Z 
direction and in the +X direction, the surface light source 44b 
is moved in the +Z direction and in the -X direction, the 
surface light source 44c is moved in the -Z direction and in 
the -X direction, and the surface light source 44d is moved in 
the -Z direction and in the +X direction. 

As described above, the conical axicon 14 constitutes an 
annular ratio-varying unit for varying the annular ratio of the 
illumination light beam on the pupil of the illumination 
optical system (on the rear side focal plane RF of the micro 
fly's eye 8a). The zoom lens 7 constitutes a magnification- 
varying optical system for varying the magnitude of the 
illumination light beam on the pupil of the illumination 
optical system. The first V-shaped axicon 15 constitutes a 
first displacing unit for symmetrically displacing the 
illumination light beam on the pupil of the illumination 
optical system with respect to the optical axis in the X 
direction. The second V-shaped axicon 16 constitutes a second 
displacing unit for symmetrically displacing the illumination 
light beam on the pupil of the illumination optical system with 
respect to the optical axis in the Z direction. The conical 
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axicon 14, the first V-shaped axicon 15, the second V-shaped 
axicon 16, and the zoom lens 17 constitute a varying mechanism 
for varying the magnitude and the shape of the illumination 
light beam on the pupil of the illumination optical system. 

FIG. 15 illustrates the function of the conical axicon, the 
zoom lens, the first V-shaped axicon, and the , second V-shaped 
axicon for the respective circular surface light sources f oirmed 
by the quadrupole illumination in the second embodiment. In 
FIG. 15, the attention is paid to one surface light source 45a 
of the four circular surface light sources for constructing the 
smallest quadrupole secondary light source formed in a state 
(hereinafter referred to as "standard state") in which all of 
the spacing distances of the conical axicon 14, the first V- 
shaped axicon 15, and the second V-shaped axicon 16 are zero, 
and the focal length of the zoom lens 7 is set to the minimiom 
value , 

Starting from the standard state, when the spacing distance of 
the first V-shaped axicon 15 is increased from zero to a 
predetermined value, then the surface light source 45a is moved 
in the X direction while maintaining the shape and the size 
thereof, and it . arrives at a position indicated by reference 
numeral 45b. Subsequently, when the spacing distance of the 
second V-shaped axicon 16 is increased from zero to a 
predetermined value, then the surface light source 45b is moved 
in the Z direction while maintaining the shape and the size 
thereof, and it arrives at a position indicated by reference 
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numeral 45c. 

When the focal length of the zoom lens 7 is increased, from the 
minimum value to a predeteannined value, then the circular 
surface light source 45c is enlarged while maintaining the 
circular configuration, it is moved outwardly in the radial 
direction of the circle formed about the center of the optical 
-•axis AX, and it arrives at- a position indicated by reference 
' numeral 45d. Further, if necessary, when the spacing distance 
of the conical axicon 14 is increased from zero to a 
predeteimined value, then the circular surface light source 45d 
is changed from the circular configuration to an enlarged 
elliptic configuration, it is moved outwardly in the radial 
direction of the circle formed about the center of the optical 
axis AX, and it arrives at a position indicated by reference 
numeral 45e. 

Even when the spacing distance of the first V-shaped axicon 15 
is increased from zero to a predetermined value after the 
spacing distance of the second V-shaped axicon 16 is increased 
from zero to a predetermined value, the surface light source 
45a arrives at the position indicated by reference nxameral 45c 
while maintaining the shape and the size thereof. Similarly, 
the position, the shape, and the size of the surface light 
source, which are finally obtained, depend on the change of the 
spacing distances of the conical axicon 14, the first V-shaped 
axicon 15, and the second V-shaped axicon 16 and the change of 
the focal length of the zoom lens 7, and they do not depend on 
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the order of the changes . 



Accordingly, the positions of the respective surface light 
sources for constructing the quadrupole secondary light source 
can be moved over the wide range owing to the function of the 
conical axicon 14, the first V-shaped axicon 15, the second V- 
shaped axicon 16, and the zoom lens 7. Further, it is possible 
to change the shape and the size thereof over the predetermined 
range. However, actually, the movement ratio of each of the 
surface light sources (i.e., the coordinate position of the 
surface light source before the movement with respect to the 
coordinate position of the surface light source after the 
movement), which is brought about by the conical axicon 14, the 
first V-shaped axicon 15, and the second V-shaped axicon 16, is 
restricted due to the optical design. Further, the range of the 
movement of each of the surface light sources is limited. 

Accordingly, in the second embodiment, three types of 
diffracting optical elements having different characteristics 
are provided as the diffracting optical element 11a for. the 
quadrupole illumination. FIG. 16 illustrates the respective 
surface light sources and the movement ranges of the respective 
surface light sources which are formed by the aid of the three 
types of the diffracting optical elements for the quadrupole 
illxamination having the different characteristics in the second 
embodiment. Also in FIG. 16, the attention is paid to one 
surface light source 4 6 of the four circular surface light 
sources for constructing the smallest quadrupole secondary 
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light source formed in the standard state ^ in the same manner 
as in FIG. 15. 

In the second embodiment, the first diffracting optical element 
for the quadrupole illumination is used to form a quadrupole 
secondary light source in which the quadrangle formed by 
connecting the central points of four surface light sources is 
.i-r a rectangle which is slender in the X direction, i.e., a 
quadrupole secondary light source as shown in the right half of 
FIG. 14A. One surface light source 4 6a of the four circular 
surface light sources for constructing the quadrupole secondary 
light source formed by the first diffracting optical element 
for the quadrupole illumination is moved within a rectangular 
range indicated by reference numeral 47a in accordance with the 
action of the first V-shaped axicon 15 and the second V-shaped 
axicon 16. 

On the other hand, the second diffracting optical element for 
the quadrupole illumination is used to form a quadrupole 
secondary light source in which the quadrangle formed by 
connecting the central points of four surface light sources is 
a rectangle which is slender in the Z direction, i.e., a 
quadrupole secondary light source as shown in the right half of 
FIG. 14B. One surface light source 4 6b of the four circular 
surface light sources for constructing the quadrupole secondary 
light source formed by the second diffracting optical element 
for the quadrupole illumination is moved within a rectangular 
range indicated by reference numeral 47b in accordance with the 
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action of the first V-shaped axicon 15 and the second V-shaped 
axicon 16. 

Further, the third diffracting optical element for the 
quadrupole illumination is used to form a quadrupole secondary 
light source in which the quadrangle formed by connecting the 
central points of four surface light sources is a square, i.e.,* 
a quadrupole secondary light source as shown in the right half 
of FIG. 14C (or in the left halves of FIGS. 14A. to 14C) . One 
surface light source 4 6c of the four circular surface light 
sources for constructing the quadrupole secondary light source 
formed by the third diffracting optical element for the 
quadrupole illumination is moved within a rectangular range 
indicated by reference numeral 47c in accordance with the 
action of the first V-shaped axicon 15 and the second V-shaped 
axicon 16. 

Accordingly, in the second embodiment, even when the movement 
ratio (and consequently the movement range) of each of the 
surface light sources brought about by the first V-shaped 
axicon 15 and the second V-shaped axicon 16 is restricted to 
some extent in view of the optical design, it is possible to 
freely move the position of each of the surface light sources 
in the annular area about the center of the optical axis AX by 
using the three type of the diffracting optical elements for 
the quadrupole illumination having the different 
characteristics in combination. Although not shown in FIG. 16, 
it is also possible to appropriately change the position, the 
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shape, and the size of each of the surface light sources to be 
in a desired state in the annular area formed about the center 
of the optical axis AX owing to the function of the conical 
axicon 14 and the zoom lens 7 . 

A first modification of the second embodiment is provided with 
four types of diffracting optical elements having different 
characteristics as the diffracting optical element 11a for the 
quadrupole illumination. FIGS. 17 and 18 illustrate respective 
surface light sources, the movement thereof, and the 
defoliation thereof, the respective surface light sources being 
formed by the four types of the diffracting optical elements 
for the quadrupole illumination having the different 
characteristics in the first modification of the second 
embodiment. Also in FIGS. 17 and 18, the attention is paid to 
one surface light source 48 of the four circular surface light 
sources for constructing the smallest quadrupole secondary 
light source formed in the standard state, in the same manner 
as in FIGS. 15 and 16. 

In the first modification of the second embodiment, as shown in 
FIGS. 17 and 18, the quarter-circular area, which is defined by 
the circle foimed about the center of the optical axis AX, the 
line segment parallel to the X axis, and the line segment 
parallel to the Z axis, is divided into four sector areas by 
the three line segments which pass through the optical axis AX. 
The centers of the respective circular surface light sources 
48a to 48d, which are formed by the four types of the 
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diffracting optical elements for the quadrupole illumination 
respectively, are set to be located in the respective sector 
areas. That is, the setting is made as follows. The surface 
light source 48a is formed by the first diffracting optical 
element, the surface light source 48b is formed by the second 
diffracting optical element, the surface light source 48c is 
formed by the third diffracting optical element, and the 
surface light source 48d is formed by the fourth diffracting 
optical element - 

In the following description, in order to simplify the 
explanation, it is assumed that the quarter-circular area is 
equally divided into the four sector areas, and the respective 
surface light sources 48a to 48d are arranged in the 
circumferential direction of the circle formed about the center 
of the optical axis AX so that the respective surface light 
sources 48a to 48d make contact with each other. In this 
arrangement, when the spacing distance of the conical axicon 14 
is increased from zero to a predetermined value, then the 
respective surface light sources 48a to 48d are changed so that 
the shape thereof is altered from the circle to the enlarged 
ellipse as shown in FIG. 17, and their central positions are 
moved outwardly in the radial direction of the circle foinned 
about the center of the optical axis AX to arrive at positions 
indicated by reference nxamerals 49a to 4 9d respectively. 

When the focal length of the zoom lens 7 is increased from the 
minimxam value to a predetermined value, the respective surface 
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light sources 48a to 48d are enlarged while maintaining the 
circular configuration as shown in FIG. 18, and their central 
positions are moved outwardly in the radial direction of the 
circle formed about the center of the optical axis AX to arrive 
at positions indicated by reference nimerals 50a to 50d 
respectively. Accordingly, in the first modification of the 
second embodiment, the position, the shape, and the size of 
each of the surface light sources can be freely changed in the 
annular area formed about the center of the optical axis AX by 
using the four types of the diffracting optical elements for 
the quadrupole illumination having the different 
characteristics in combination. 

In FIGS. 17 and 18, the respective surface light sources 48a to 
48d are arranged so that they make contact with each other. 
However, it is also possible to arrange the respective surface 
light , sources 48a to 48d so that they are separated from each 
other by spacing distances. In any case, the position, the 
shape, and the size of each of the surface light sources can be 
appropriately changed into those in a desired state in the 
circular annular area formed about the center of the optical 
axis AX owing to the function of the conical axicon 14, the 
first V-shaped axicon 15, the second V-shaped axicon 16, and 
the zoom lens 7 . 

Further, a second modification of the second embodiment is 
provided with two types of diffracting optical elements having 
different characteristics as the diffracting optical element 
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11a for the quadrupole illumination. FIG. 19 illustrates the 
respective surface light sources, the movement thereof, and the 
deformation thereof, the respective surface light sources being 
formed by the aid of the two types of the diffracting optical 
elements for the quadrupole illumination having the different 
characteristics in the second modification of the second 
embodiment. Also in FIG. 19, the attention is paid to one 
surface light source 51 of the four circular surface light 
sources for constructing the smallest quadrupole secondary 
light source formed in the standard state, in the same manner 
as in FIGS. 15 to 18. 

In the second modification of the second embodiment, the first 
diffracting optical element for the quadrupole illumination is 
used to form the quadrupole secondary light source in which the 
quadrangle formed by connecting the central points of the four 
surface light sources is a rectangle which is slender in the X 
direction. One surface light source 51a (corresponding to 46a 
in FIG- 16) of the four circular surface light sources for 
constructing the quadrupole secondary light source formed by 
the first diffracting optical element for ' the quadrupole 
illumination is movable within the rectangular range indicated 
by reference numeral 52a in accordance with the action of the 
first V-shaped axicon 15 and the second V-shaped axicon 16. 

On the other hand, the second diffracting optical element for 
the quadrupole illumination is used to foinni the quadrupole 
secondary light source in which the quadrangle formed by 
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connecting the central points of the four surface light sources 
is a rectangle which is slender in the Z direction. One surface 
light source 51b (corresponding to 46b in FIG. 16) of the four 
circular surface light sources for constructing the quadrupole 
secondary light source formed by the second diffracting optical 
element for the quadrupole illumination is movable within the 
rectangular range indicated by reference numeral 52b in 
accordance with the action of the first V-shaped axicon 15 and 
the second V-shaped axicon 16. 

Further, when the first diffracting optical element for the 
quadrupole illumination and the second V-shaped axicon 16 are 
used in combination, or when the second diffracting optical 
element for the quadrupole illumination and the first V-shaped 
axicon 15 are used in combination, then the surface light 
source 51c is formed at an intermediate position between the 
initial surface light sources 51a, 51b- In this case, when the 
magnification-varying function of the zoom lens 7 is effected 
for the surface light source 51c, then the surface light source 
51c is enlarged while maintaining the circular configuration 
thereof, and the central position is moved outwardly in the 
radial direction of the circle formed about the center of the 
optical axis AX to arrive at the position indicated by 
reference numeral 51d. 

Although not shown in the drawing, when the conical axicon 14 
is allowed to act on the surface light source 51c, then the 
circular configuration of the surface light source 51c is 
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changed to an enlarged elliptic configuration^ and the central 
position is moved outwardly in the radial direction of the 
circle formed about the center of the optical axis AX. 
Accordingly, in the second modification of the second 
embodiment, the position of each of the surface light sources 
can be freely moved in the circular annular area formed about 
the center of the optical axis AX by using the two types of the 
diffracting optical elements for the quadrupole illumination 
having the different characteristics. In general, the position, 
the shape, and the size of each of the surface light sources 
can be appropriately changed into those in a desired state in 
the circular annular area fointied about the center of the 
optical axis AX in accordance with the action of the conical 
axicon 14, the first V-shaped axicon 15, the second V-shaped 
axicon 16, and the zoom lens 7. 

Next, brief explanation will be made for the annular 
illumination obtained by setting the diffracting optical 
element lib for the annular illumination in the illumination 
optical path in place of the diffracting optical element 11a 
for the quadrupole illumination. In this case, the 
substantially parallel light beam, which comes into the 
diffracting optical element lib, forms an annular light 
intensity distribution on the pupil plane of the afocal lens 
12, and then it forms a substantially parallel light beam which 
outgoes from the afocal lens 12. The light beam, which has 
passed through the afocal lens 12, is transmitted through the 
zoom lens 7 to form an annular illumination field formed about 
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the center of the optical axis AX on the light-incoming surface 
of the micro fly's eye 8a. As a result , the secondary light 
source^ which has substantially the same light intensity 
distribution as that of the illumination field formed by the 
incoming light beam, i.e., the annular secondary light source 
formed about the center of the optical axis AX is formed on the 
rear side focal plane of the micro fly's eye 8a. 

FIG. 20 illustrates the function of the conical axicon for the 
secondary light source formed by the annular illumination in 
the second embodiment. In the annular illumination in the 
second embodiment, the smallest annular secondary light source 
60a, which is formed in the standard state, is changed to the 
annular secondary light source 60b in which both of the outer 
diameter and the inner diameter are enlarged without changing 
the width (1/2 of the difference between the outer diameter and 
the inner diameter as indicated by arrows in the drawing) by 
increasing the spacing distance of the conical axicon 14 from 
zero to a predetermined value. In other words, both of the 
annular ratio and the size (outer diameter) of the annular 
secondary light source are changed without changing the width 
in accordance with the action of the conical axicon 14. 

FIG. 21 illustrates the function of the zoom lens for the 
secondary light source formed in the annular illumination in 
the second embodiment. In the annular illumination in the 
second embodiment, the annular secondary light source 60a, 
which is formed in the standard state, is changed to the 
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annular secondary light source 60c in which the entire shape is 
similarly enlarged, by increasing the focal length of the zoom 
lens 7 from the minimum value to a predetermined value- In 
other words, both of the width and the size (outer diameter) of 
the annular secondary light source are changed without changing 
the annular ratio in accordance with the action of the zoom 
lens 7. 

FIG. 22 illustrates the function of the first V-shaped axicon 
and the second V-shaped axicon for the secondary light source 
formed in the annular illumination in the second embodiment- As 
described above, when the spacing distance of the first V- 
shaped axicon 15 is changed, then the angle of incidence of the 
incoming light beam into the predetermined plane 13 in the Z 
direction is not changed, but the angle of incidence of the 
incoming light beam into the predetermined plane 13 in the X 
direction is changed. As a result, as shown in FIG. 22A, the 
respective four quarter-circular surface light sources 61 to 
64, which constitute the annular secondary light source 60a, 
are not moved in the Z direction, but they are moved in the X 
direction. That is, when the spacing distance of the first V- 
shaped axicon 15 is increased from zero to a predetermined 
value, then the surface light sources 61, 63 are moved in the - 
X direction, and the surface light sources 62, 64 are moved in 
the +X direction. 

On the other hand, when the spacing distance of the second V- 
shaped axicon 16 is changed, then the angle of incidence of the 
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incoming-light beam into the predetermined plane 13 in the X 
direction is not changed^ but the angle of incidence of the 
incoming-light beam into the predetermined plane 13 in the Z 
direction is changed. As a result, as shown in FIG. 22B, the 
respective surface light sources 61 to 64 are not moved in the 
X direction, but they are moved in the Z direction. That is, 
when the spacing distance of the second V-shaped axicon 16 is 
increased from zero to a predetermined value, then the surface 
light sources 61, 62 are moved in the +Z direction, and the 
surface light sources 63, 64 are moved in the -Z direction. 

Further, when both of the spacing distance of the first V- 
shaped axicon 15 and the spacing distance of the second V- 
shaped axicon 16 are changed, both of the angle of incidence of 
the incoming-light beam into the predetermined plane 13 in the 
X direction and the angle of incidence in the Z direction are 
changed. As a result, as shown in FIG. 22C, the respective 
surface light sources 61 to 64 are moved in the Z direction and 
the X direction. - That is, when the spacing distance of the 
first V-shaped axicon 15 and the spacing distance of the second 
V-shaped axicon 16 are increased from zero to predetermined 
values, then the surface light source 61 is moved in the +Z 
direction and the -X direction, the surface light source 62 is 
moved in the +Z direction and the +X direction, the surface 
light source 63 is moved in the -Z direction and the -X 
direction, and the surface light source 64 is moved in the -Z 
direction and the +X direction. Accordingly, it is possible to 
form the quadrupole secondary light source composed of the four 
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independent surface light sources each having the circular arc- 
shaped configuration. 

In the foregoing description^ the function of each of the 
conical axicon 14^ the first V-shaped axicon 15^ the second V- 
shaped axicon 16, and the zoom lens 7 has been individually 
explained in the annular illumination in the second embodiment . 
However, it is possible to effect the annular illumination in a 
variety of forms in accordance with the interaction of these 
optical members. Specifically, when the. zoom lens 7 is allowed 
to act in the state shown in FIG- 22C, for example, then the 
surface light source 62 is moved. in the radial direction of the 
circle foimed about the center of the optical axis AX, and it 
is changed into the surface light source 62 in which the entire 
shape is similarly changed. On the other hand, when the conical 
axicon 14 is allowed to act in the state shown in FIG- 22C, for 
example, then the surface light source 64 is moved in the 
radial direction of the circle formed about the center of the 
optical axis AX, and it is changed into the surface light 
source 64a in which only the size in the circumferential 
direction is changed without changing the size in the radial 
direction. 

However, actually, due to the restriction of the optical 
design, there is a certain limit for the range of the change of 
the annular ratio effected by the conical axicon 14- 
Accordingly, the second embodiment is provided with the two 
types of the diffracting optical elements having the different 



78 



characteristics as the diffracting optical element lib for the 
annular illumination. That is^ in the second embodiment^ the 
first diffracting optical element for the annular illumination 
is used to form the annular secondary light source having the 
shape which is appropriate to change the annular ratio, for 
example, within a range of 0.5 to 0.68. On the other hand, the 
second diffracting optical element for the annular illumination 
is used to foim the annular secondary light source having the 
shape which is appropriate to change the annular ratio, for 
example, within a range of 0.68 to 0.8. As a result, when the 
two types of the diffracting optical elements for the annular 
illumination are used in combination, it is possible to change 
the annular ratio within a range of 0.5 to 0.8. 

With reference to FIG. 23A, it is understood that the curvature 
of the circle (indicated by a broken line in the drawing) , 
which circumscribes the two-spot secondary light source 
obtained in the right half of FIG. 22A or FIG. 22B, is not 
coincident with the curvature of the outer circular arc of each 
of the surface light sources having the semicircular arc-shaped 
configuration. Accordingly, in a third modification of the 
second embodiment, in order to allow the curvature of the 
circle circumscribing the two-spot secondary light source 
obtained by the action of the first V-shaped axicon 15 or the 
second V-shaped axicon 16 to coincide with the curvature of the 
outer circular arc of each of the surface light sources having 
the semicircular arc-shaped configuration, a third diffracting 
optical element for the annular illumination is additionally 
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provided. As shown in FIG, 23B, the third diffracting optical 
element for the annular illimination forms an elliptic annular 
secondary light source which is slightly flat in the X 
direction or the Z direction, without forming a completely 
annular secondary light source as defined by two circles formed 
about the center of the optical axis AX. 

In particular, the elliptic annular secondary light source, 
which is formed by the third diffracting optical element for 
the annular illumination, is constructed by a pair, of circular 
arc-shaped surface light sources 65a, 65b. The curvature of the 
outer circular arc of each of the surface light sources 65a, 
65b is set to coincide with the curvature of the circle which 
circumscribes the two-spot secondary light source obtained by 
the action of the first V-shaped axicon 15 or the second V- 
shaped axicon 16. Therefore, in the third modification of the 
second embodiment, the curvature of the circle, which 
circumscribes the two-spot secondary light source, is 
coincident with the curvature of the outer circular arc of each 
of the circular arc-shaped surface light sources 65a, 65b in 
the two-spot secondary light source obtained by the action of 
the first V-shaped axicon 15 or the second V-shaped axicon 16. 

Further, brief explanation will be made for the conventional 
circular illumination obtained by setting the diffracting 
optical element 11c for the circular illumination in the 
illumination optical path in place of the diffracting optical 
element 11a for the quadrupole illiomination or the diffracting 
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optical element lib for the annular illumination. In this case, 
the substantially parallel light beam, which comes into the 
diffracting optical element 11c, forms the circular light 
intensity distribution on the pupil plane of the afocal lens 
12, and then it forms the substantially parallel light beam 
outgoing from the afocal lens 12 . 

-The light beam, which has passed through the afocal lens 12, 
forms a circular illumination field formed about the center of 
the optical axis AX on the light-incoming surface of the micro 
fly's eye 8a by the aid of the zoom lens 7 . As a result, the 
secondary light source, which has approximately the same light 
intensity distribution as that of the illumination field formed 
by the incoming light beam, i.e., the circular secondary light 
source formed about the center of the optical axis AX, is 
formed on the rear side focal plane of the micro fly's eye 8a 
(i.e., on the pupil of the illumination optical system). 

In the circular illimination in the second embodiment, the 
smallest circular secondary light source formed in the standard 
state is changed into the circular secondary light source in 
which the entire shape is similarly enlarged by increasing the 
focal length of the zoom lens 7 from the minimum value to a 
predetermined value. In other words, in the circular 
illumination in the second embodiment, the size (outer 
diameter) of the circular secondary light source. can be changed 
by changing the focal length of the zoom lens 7. 
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FIG. 24 illustrates the function of the first V-shaped axicon 
and the second V-shaped axicon for the secondary light source 
formed in the circular illuinination in the second embodiment. 
In the circular illumination in the second embodiment^ when the 
spacing distance of the first V-shaped axicon 15 is increased 
from zero to a predetermined value, then the surface light 
sources 66a, 66c, which are included in the four quarter- 
circular surface light sources 66a to 66d for constructing the 
circular secondary light source, are moved in the -X direction, 
and the surface light sources 66b, 66d are moved in the +X 
direction as shown in FIG. 24A. 

On the other hand, when the spacing distance of the second V- 
shaped axicon 16 is increased from zero to a predetermined 
value, then the surface light sources 66a, 66b are moved in the 
+Z direction, and the surface light sources 66c, 66d are moved 
in the -Z direction as shown in FIG. 24B. Further, when both of 
the spacing distance of the first V-shaped axicon 15 and the 
spacing distance of the second V-shaped axicon 16 are increased 
from zero to predetermined values, the surface light source 66a 
is moved in the +Z direction and the -X direction, the surface 
light source 66b is moved in the +Z direction and the +X 
direction, the surface light source 66c is moved in the -Z 
direction and the -X direction, and the surface light source 
66d is moved in the -Z direction and the +X direction as shown 
in FIG. 24C. Accordingly, it is possible to form the quadrupole 
secondary light source composed of the four . independent 
quarter-circular surface light sources. 
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In the foregoing description^ the function has been 
individually explained for each of the first V-shaped axicon 
15^ the second V-shaped axicon 16, and the zoom lens 7 in the 
circular illiomination in the second embodiment. The circular 
illumination can be effected in a variety of fojims in 
accordance with the interaction of these optical members . 
:!However, actually the magnification- varying range of the outer 
diameter, which is effected by the zoom lens 1, is limited due 
to the restriction in view of the optical design. Accordingly, 
the second embodiment is provided with the two types of the 
diffracting optical elements having the different 
characteristics as the diffracting optical element 11c for the 
circular illumination. 

That is, in the second embodiment, the first diffracting 
optical element for the circular illumination is used to form 
the circular secondary light source having the shape which is 
appropriate to change the a value within a range from a 
relatively small a value, i.e., small a to an intermediate a 
value, i.e., middle a. Further, the second diffracting optical 
element for the circular illumination is used to form the 
circular secondary light source having the shape which is 
appropriate to change the a value within a range from the 
middle a to a relatively large a value, i.e., large a. As a 
result, when the two types of the diffracting optical elements 
for the circular illumination are used in combination, it is 
possible to change the a value within a range from the small a 
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to the large a (for example, 0.1 ^ a ^ 0.95 ) - 

The operation for switching the illumination condition in the 
second embodiment and other operations will be specifically 
explained below. At first, for example, the information, which 
concerns a variety of masks to be successively exposed in 
accordance with the step-and-repeat system or the step-and-scan 
system, is inputted into the control system 21 by the aid of an 
input unit 20 such as a keyboard. The control system 21 stores, 
in an internal memory section, the information concerning, for 
example, the optimum line width (resolution) and the depth of 
focus in relation to the various masks. The control system 21 
supplies appropriate control signals to the driving systems 24, 
26 to 28 in response to the input from the input unit 20. 

That is, when the quadrupole illumination is performed with the 
optimum resolution and the optimum depth of focus, the driving 
system 2 6 positions the diffracting optical element 11a for the 
quadrupole illumination in the illumination optical path on the 
basis of the command from the control system 21. In order to 
obtain the quadrupole secondary light source having a desired 
form, the driving systems 28a to 28c set the spacing distances 
of the axicons 14 to 16 on the basis of the commands from the 
control system 21. The driving system 24 sets the focal length 
of the zoom lens 7 on the basis of the command from the control 
system 21. Further, the driving system 27 drives the variable 
aperture diaphragm of the projection optical system PL on the 
basis of the command from the control system 21. 
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Further^ if necessary, the form of the quadrupole secondary 
light source formed on the rear side focal plane of the micro 
fly's eye 8a can be appropriately changed by changing the 
spacing distances of the axicons 14 to 16 by the aid of the 
driving systems 28a to 28c and/or by changing the focal length 
of the zoom lens 7 by the aid of the driving system 24. 
Accordingly, it is possible to perform the quadrupole 
illumination in various ways by appropriately changing, for 
example, the entire size (outer diameter) and the shape 
(annular ratio) of the quadrupole secondary light source as 
well as the position, the shape, and the size of each of the 
surface light sources - 

When the annular illumination is performed with the optimum 
resolution and the optimum depth of focus, the driving system 
26 positions the diffracting optical element lib for the 
annular illumination in the illumination optical path on the 
basis of the command from the control system 21. In order to 
obtain the annular secondary light source having a desired 
form, or in order to obtain the quadrupole secondary light 
source or the two-spot secondary light source derivatively 
obtained from the annular secondary light source, the driving 
systems 28a to 28c set the spacing distances of the axicons 14 
to 16 on the basis of the commands from the control system 21. 
The driving system 24 sets the focal length of the zoom lens 7 
on the basis of the command from the control system 21. 
Further, the driving system 27 drives the variable aperture 
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diaphragm of the projection optical system PL on the basis of 
the command from the control system 21. 

Further, if necessary, the form of the annular secondary light 
source formed on the rear side focal plane of the micro fly's 
eye 8a or the form of the quadrupole secondary light source or 
the two-spot secondary light source derivatively obtained can 
be appropriately changed by changing the spacing distances of 
the axicons 14 to 16 by the aid of the driving systems 28a to 
28c and/or by changing the focal length of the zoom lens 7 by 
the aid of the driving system 24. Accordingly, it is possible 
to perform the annular illumination in various ways by 
appropriately changing, for example, the entire size (outer 
diameter) and the shape (annular ratio) of the annular 
secondary light source as well as the position, the shape, and 
the size of each of the surface light sources derivatively 
obtained. 

When the conventional circular illumination is performed with 
the optimum resolution and the optimiom depth of focus, the 
driving system 26 positions the diffracting optical element 11c 
for the circular illumination in the illumination optical path 
on the basis of the command from the control system 21. In 
order to obtain the circular secondary light source having a 
desired form, or in order to obtain the quadrupole secondary 
light source or the two-spot secondary light source 
derivatively obtained from the circular secondary light source, 
the driving systems 28a to 28c set the spacing distances of the 
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axicons 14 to 16 on the basis of the coitimands from the control 
system 21. The driving system 24 sets the focal length of the 
zoom lens 7 on the basis of the command from the control system 
21. Further^ the driving system 27 drives the variable aperture 
diaphragm of the projection optical system PL on the basis of 
the command from the control system 21. 

Further^ if necessary, the form of the circular secondary light 
source formed on the rear side focal plane of the micro fly's 
eye 8a or the form of the quadrupole secondary light source or 
the two-spot secondary light source derivatively obtained can 
be appropriately changed by changing the spacing distances of 
the axicons 14 to 16 by the aid of the driving systems 28a to 
28c and/or by changing the focal length of the zoom lens 7 by 
the aid of the driving system 24. Accordingly, it is possible 
to perform the circular illumination in various ways by 
appropriately changing, for example, the entire size 
(consequently the a value) of the circular secondary light 
source as well as the position, the shape, and the size of each 
of the surface light sources derivatively obtained. 

In the second embodiment, the conical axicon 14, the first V- 
shaped axicon 15, and the second V-shaped axicon 16 are 
arranged in this order from the side of the light source - 
However, the order of arrangement may be appropriately changed - 
As for each of the axicons 14 to 16, the first prism member 
having the concave refraction plane and the second prism member 
having the convex refraction plane are arranged in this order 
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from the side of the light source. However^ the order of 
arrangement may be inverted. 

In the second embodiment^ each of the axicons 14 to 16 is 
constructed by the pair of prism members. However, there is no 
limitation thereto. For example, the second prism member 14b of 
the conical axicon 14 and the first prism member 15a of the 
first V-shaped axicon 15 may . be integrated into one unit, 
and/or the second prism member 15b of the first V-shaped axicon 

15 and the first prism member 16a of the second V-shaped axicon 

16 may be integrated into one unit. In this arrangement, the 
spacing distance of each of the axicons 14 to 16 can be changed 
independently from each other by moving, along the optical axis 
AX, at least three members of the first prism member 14a of the 
conical axicon 14, the integrated two prisms, and the second 
prism member 16b of the second V-shaped axicon 16. 

(Third Embodiment) 

FIG. 25 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a third embodiment of the present invention. FIG. 
26 shows a perspective view schematically illustrating an 
arrangement of a pair of V-shaped axicons arranged in an 
optical path of an afocal lens in the third embodiment. The 
third embodiment is constructed similarly to the second 
embodiment. However, in the second embodiment, the conical 
axicon and the pair of V-shaped axicons are arranged in the 
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optical path of the afocal lens 12. On the contrary, the third 
embodiment is basically different from the second embodiment in 
that only the pair of V-shaped axicons are arranged. The third 
embodiment will be explained below while paying the attention 
to the difference from the second embodiment. 

In the quadrupole illimination in the third embodiment, the 
conical axicon is not arranged. Therefore, the circular 
configuration of each of the surface light sources for 
constructing the quadrupole secondary light source cannot be 
changed into the elliptic configuration- However, the position 
of each of the surface light sources can be appropriately 
changed in a circular annular area formed about the center of 
the optical axis AX by selectively using a plurality of 
diffracting optical elements 11a for the quadrupole 
illumination and utilizing the function of the first V-shaped 
axicon 15 and the second V-shaped axicon 16. Further, the 
position and the size of each of the surface light sources can 
be appropriately changed in a circular annular area formed 
about the center of the optical axis AX by utilizing the 
magnification-varying function of the zoom lens 7 in an 
auxiliary manner. 

On the other hand, in the annular illumination in the third 
embodiment, the annular ratio of the annular secondary light 
source cannot be changed continuously, because no conical 
axicon is arranged. However, it is possible to appropriately 
change the entire size and the shape (annular ratio) of the 
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annular secondary light source or the position, the shape, and 
the size of each of the surface light sources for constructing 
the two-spot secondary light source or the quadrupole secondary 
light source derivatively obtained from the annular secondary 
light source, by selectively using a plurality of diffracting 
optical elements lib for the annular illumination and utilizing 
the function of the first V-shaped axicon 15, the second V- 
shaped axicon 16, and the zoom lens 7. 

In the circular illumination, the function of the conical 
axicon is not used progressively. Therefore, also in the 
circular illumination in the third embodiment, it is possible 
to appropriately change the entire size of the circular 
secondary light source, or the position, the shape, and the 
size of each of the surface light sources for constructing the 
two-spot secondary light source or the quadrupole secondary 
light source derivatively obtained from the circular secondary 
light source, in the same manner as in the second embodiment. 

(Fourth Embodiment) 

FIG. 27 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
according to a fourth embodiment of the present invention. FIG. 
28 shows a perspective view schematically illustrating a 
conical axicon and a first V-shaped axicon arranged in an 
optical path of an afocal lens in the fourth embodiment. The 
fourth embodiment is constructed similarly to the second 
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embodiment. However, in the second embodiment, the conical 
axicon and the pair of V-shaped axicons are arranged in the 
optical path of the afocal lens 12. On the contrary, the fourth 
embodiment is basically different from the second embodiment in 
that only the conical axicon and the first V-shaped axicon are 
arranged. The fourth embodiment will be explained below while 
paying the attention to the difference from the second 
embodiment. In FIGS. 27 and 28, the first V-shaped axicon 15 is 
shown as one V-shaped axicon. However, one V-shaped axicon may 
be the second V-shaped axicon 16. - 

In the quadrupole illumination in the fourth embodiment, only 
one V-shaped axicon (15 or 16) is arranged. Therefore, it is 
impossible to two-dimensionally change only the position while 
maintaining the shape and the size of each of the circular 
surface light sources for constructing the quadrupole secondary 
light source. However, the position, the shape, and the size of 
each of the surface light sources can be appropriately changed 
in a circular annular area formed about the center of the 
optical axis AX by selectively using a plurality of diffracting 
optical elements 11a for the quadrupole illumination and 
utilizing the function of the conical axicon 14, the one V- 
shaped axicon (15 or 16), and the zoom lens 7. 

On the other hand, in the annular illumination in the fourth 
embodiment, it is impossible to obtain the quadrupole secondary 
light source derivatively from the annular secondary light 
source, because only the one V-shaped axicon (15 or 16) is 
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arranged- However^ it is possible to appropriately change the 
entire size and the shape (annular ratio) of the annular 
secondary light source or the position, the shape, and the size 
of each of the surface light sources for constructing the two- 
spot secondary light source derivatively obtained from the 
annular secondary light source, by selectively using a 
plurality of diffracting optical elements lib for the annular 
illumination and utilizing the function of the conical axicon 
14, the one V-shaped axicon (15 or 16), and the zoom lens 7. 

Further, in the circular illumination in the fourth embodiment, 
it is irtpossible to obtain the quadrupole secondary light 
source derivatively from the circular secondary light source, 
because only one V-shaped axicon (15 or 16) is arranged. 
However, it is possible to appropriately change the entire size 
of the circular secondary light source, or the position, the 
shape, and the size of each of the surface light sources for 
constructing the two-spot secondary light source derivatively 
obtained from the circular secondary light source, by 
selectively using the plurality of diffracting optical elements 
11c for the circular illumination and utilizing the function of 
the conical axicon 14, the one V-shaped axicon (15 or 16), and 
the zoom lens 7 . 

(Fifth Embodiment) 

FIG. 29 schematically shows an arrangement of an exposure 
apparatus provided with an illumination optical apparatus 
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according to a fifth embodiment of the present invention. The 
fifth embodiment is constructed similarly to the second 
embodiment. However^ the fifth embodiment is basically 
different from the second embodiinent in that an internal 
reflection type optical integrator (rod type integrator 70) is 
used in place of the wave front dividing type optical 
integrator (micro fly's eye 8a)- The fifth embodiment will be 
explained below while paying the attention to the difference 
from the second embodiment. 

In the fifth embodiment, a zoom lens 71, a second diffracting 
optical element (or a micro fly's eye) 12, and an input lens 73 
are arranged in this order from the side of the light source in 
the optical path between the diffracting optical element 11 and 
the rod type integrator 70 corresponding to the fact that the 
rod type integrator 70 is arranged in place of the micro fly's 
eye 8a. Further, a mask blind 17, which serves as the 
illiomination field stop, is arranged in the vicinity of the 
light-outgoing plane of the rod type integrator 70. 

In this case, the zoom lens 71 is arranged so that the front 
side focus position is substantially coincident with the 
position of the diffracting optical element 11, and the rear 
side focus position is substantially coincident with the 
position of the second diffracting optical element 12, The 
focal length of the zoom lens 71 is changed by the aid of a 
driving system 29 which is operated on the basis of a command 
from a control system 21. The input lens 73 is arranged so that 
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the front side focus position is substantially coincident with 
the position of the second diffracting optical element 12, and 
the rear side focus position is substantially coincident with 
the position of the light-incoming surface of the rod type 
integrator 70. 

The rod type integrator 70 is a glass rod of the internal 
reflection type composed of a glass material such as silica 
glass or fluorite. The rod type integrator 70 forms light 
source images of a number corresponding to a number of times of 
internal reflection along the plane which passes through the 
light-collecting point and which is parallel to the rod light- 
incoming surface, by utilizing the total reflection at the 
boundary plane between the inside and the outside, i.e., at the 
internal surface. In this case, almost all of the formed light 
source images are virtual images. However, only the light 
source image at the center (light-collecting point) is a real 
image. That is, the light beam, which comes into the rod type 
integrator 70, is divided in the angular direction by means of 
the internal reflection to form the secondary light source 
composed of a large number of light source images along the 
plane which passes through the light-collecting point and which 
is parallel to the light-incoming surface. 

Therefore, in the quadrupole illumination (annular illumination 
or circular illumination) in the fifth embodiment, the light 
beam, which has passed through the diffracting optical element 
11a (lib or 11c). selectively installed in the illumination 
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optical path, forms the four-spot (annular or circular) 
illumination field on the second diffracting optical element 72 
via the zoom lens 71. The light beam, which has passed through 
the second diffracting optical element 12, is collected in the 
vicinity of the light-incoming surface of the rod type 
integrator 70 via the input lens 73. FIG. 30 illustrates the 
function of the second diffracting optical element in the fifth 
embodiment . 

As shown in FIG. 30A, if the second diffracting optical element 
72 is not arranged, the light beam, which has passed through 
the zoom lens 71 and the input lens 73, is collected at 
substantially one point on the light-incoming surface 70a of 
the rod type integrator 70. As a result, the large number of 
light sources, which are formed by the rod type integrator 70 
on the light-outgoing side, are extremely dissipated (the 
filling ratio of each light source with respect to the entire 
secondary light source is small) . It is impossible to obtain 
any substantial surface light source. 

Accordingly, in the fifth embodiment, the second diffracting 
optical element 72, which serves as a light beam-diverging 
element, is arranged in the vicinity of the front side focus 
position of the input lens 73. Accordingly, as shown in FIG. 
30B, the light beam, which is diverged by the aid of the second 
diffracting optical element 72, is collected with a 
predetermined spread on the light-incoming surf ace 70a of the 
rod type integrator 70 via the input lens 73. As a result, the 
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large number of light sources, which are formed on the light- 
incoming side by the rod type integrator 70, are extremely 
dense and solid (the filling ratio of each light source with 
respect to the entire secondary light source is large) . It is 
possible to obtain the secondary light source as the 
substantial surface light source. 

The light beams, which come from the four-spot (annular or 
circular) secondary light sources formed on the light-incoming 
side by the rod type integrator 70, are superiitposed on the 
light-outgoing plane to subsequently illuminate the mask M 
formed with a predetermined pattern, via the mask blind 17 and 
the image-forming optical system 18. In the fifth embodiment, 
the conical axicon 14, the first V-shaped axicon 15, and the 
second V-shaped axicon 16 are arranged in this order from the 
side of the light source in the optical path between the front 
side lens group 71a and the rear side lens group 71b of the 
zoom lens 71. 

Therefore, also in the quadrupole illumination in the fifth 
embodiment, the position, the shape, and the size of each of 
the surface light sources for constructing the annular 
secondary light source can be appropriately changed in a 
circular annular area formed about the center of the optical 
axis AX, by selectively using the plurality of diffracting 
optical elements 11a for the quadrupole illumination and 
utilizing the function of the conical axicon 14, the first V- 
shaped axicon 15, the second V-shaped axicon 16, and the zoom 
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lens 11 r in the same manner as in the second embodiment. 

Also in the annular illumination in the fifth embodiment, it is 
possible to appropriately change the entire size and the shape 
(annular ratio) of the annular secondary light source or the 
position^ the shape, and the size of each of the surface light 
sources for constructing the two-spot secondary light source or 
the quadrupole secondary light source derivatively obtained 
from the annular secondary light source, by selectively using 
the plurality of diffracting optical elements lib for the 
annular illumination and utilizing the function of the conical 
axicon 14, the first V-shaped axicon 15, the second V-shaped 
axicon 16, and the zoom lens 7, in the same manner as in the 
second embodiment. 

Also in the circular illumination in the fifth embodiment, it 
is possible to appropriately change the entire size of the 
circular secondary light source, or the position, the shape, 
and the size of each of the surface light sources for 
constructing the two-spot secondary light source or the 
quadrupole secondary light source derivatively obtained from 
the circular secondary light source, by selectively using the 
plurality of diffracting optical elements 11c for the circular 
illumination and utilizing the function of the conical axicon 
14, the first V-shaped axicon 15, the second V-shaped axicon 
16, and the zoom lens 7, in the same manner as in the second 
embodiment . 
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As described above, also in the second to fifth embodiments , 
the entire size and the shape of the secondary light source are 
changed in the X direction or the Z direction by changing the 
spacing distance of the V-shaped axicon 15 or 16. As a result, 
it is possible to realize the mutually different illiamination 
conditions in the orthogonal two directions (X direction and Y 
direction) on the mask M. Consequently, it is possible to set 
the optimxam illumination condition in the orthogonal two 
directions on the mask M in which the pattern has orientation. 

Among the second to fifth embodiments described above/ the 
third embodiment, which is provided with only the pair of V- 
shaped axicons 15, 16 as the varying mechanism, is used 
especially preferably for the lithography step for the memory 
(for example, DRAM) . The fourth embodiment, which is provided 
with only the conical axicon 14 and one V-shaped axicon (15 or 
16) as the varying mechanism, is used especially preferably for 
the lithography step for the logic device (for example, MPU) . 
The second embodiment and the fifth embodiment, each of which 
is provided with the conical axicon 14 and the pair of V-shaped 
axicons 15, 16, are used preferably for the lithography step 
for the general microdevice including the semiconductor device. 

In the fifth embodiment described above (see FIG. 29) , the 
example has been explained, in which the optical integrator 
arranged on the mask side of the axicon system (14, 15, 16) is 
the internal reflection type optical integrator (rod type 
optical integrator) 70. However, it is needless to say that the 
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fly's eye lens 8 or the micro fly's eye 8a as the optical 
integrator described above can be also replaced with the 
internal reflection type optical integrator (rod type optical 
integrator ) 7 0 - 

In the second embodiment^ the third embodiment, and the fifth 
embodiment described above (see FIGS. 10, 25, and 29), the 
' exaitple has been illustrated, in which the direction of the V- 
groove of the first V-shaped axicon 15 is in the Z direction 
(0° direction), and the direction of the V-groove of the second 
V-shaped axicon 16 is the X direction (90** direction) . However, 
the present invention is not limited to this arrangement. For 
example, the direction of the V-groove of the first V-shaped 
axicon 15 may be a direction (45° direction) obtained by making 
clockwise rotation by 450° about the center of the optical 
axis, and the direction of the V-groove of the second V-shaped 
axicon 16 may be a direction (135° direction) obtained by 
making clockwise rotation by 45° about the center of the 
optical axis. Accordingly, the shadow of the groove incoming 
into the micro fly's eye 8a is inclined, and it is possible to 
expect such an effect that the uneven illuminance can be 
reduced. Further, the angle (angle of intersection) , which is 
formed by the direction of the V-groove of the first V-shaped 
axicon 15 and the direction of the V-groove of the second V- 
shaped axicon 16, can be arbitrarily changed depending on a 
desired illumination condition. In order to change the angle of 
intersection between the grooves of the two V-shaped axicons as 
described above, the control system 21 may drive at least one 
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of the driving system 28b and the driving system 28c on the 
basis of the input information inputted by the aid of the input 
unit 20 to relatively rotate the first V-shaped axicon 15 and 
the second V-shaped axicon 16 about the center of the optical 
axis . 

The fourth embodiment (see FIG. 27) described above is 
illustrative of the case in which the direction of the V-groove 
of the V-shaped axicon 15 is . the Z direction orientation). 
However^ the present invention . is not limited to this 
arrangement. For example, the direction of the V-groove of the 
V-shaped axicon 15 may be, for example, the direction obtained 
by making rotation about 45° (45® orientation) about the center 
of the optical axis, the direction obtained by making rotation 
about 90*^ (90*^ orientation) , and the direction obtained by 
making rotation about 135° (135° orientation) . That is, the 
direction of the V-groove of the V-shaped axicon 15 can be 
arbitrarily changed depending on a desired illumination 
condition. As described above, in order to change the direction 
of the groove of the V-shaped axicon, the control system 21 may 
drive the driving system 28b on the basis of the input 
information inputted by the input unit 20 to rotate the V- 
shaped axicon 15 by ' a predetermined amount of rotation about 
the center of the optical axis. 

In the respective emboddLments described above, it is preferable 
that the variable range of the a value is from 0.1 to 0.95(0-1 
< o ^ 0.95) by using the diffracting optical element (11a, lib. 
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11c) and the zoom lens 7 (magnification- varying optical system) 
for varying the a value in coinbination. However, continuous 
variation may be made for the range of the o value of 0.1 to 
0.95 required for the apparatus provided that the restriction 
is abolished, for example, for the number of lenses for 
constructing the zoom lens 7 (magnification-varying optical 
system) for varying the a value and the space therefor. 

In the annular illumination in the first to fifth embodiments 
described above, it is desirable for the annular light beam 
formed on the pupil of the illumination optical system (pupil 
of the projection optical system) that the annular ratio is 
varied within a range of the a value of 0.4 to 0.95 (0.4 ^ a ^ 
0.95). Further, in the multiple-spot illumination represented 
by the two-spot illumination and the quadrupole illumination in 
the first to fifth ernbodiments described above, it is desirable 
for the multiple-spot light beam formed on the pupil of the 
illumination optical system (pupil of the projection optical 
system) that the position and the size are variable within a 
range of the a value of 0.4 to 0.95 (0 . 4 ^ o ^ 0 . 95) . 

Further, in the first to fifth embodiments described above, in 
order to measure the aberration which remains in the projection 
optical system PL or the aberration (for example, the wave 
front aberration) which is changed in a time-dependent manner, 
for example, a mask for measuring the aberration (reticle for 
measuring the aberration) , which is disclosed, for example, in 
U.S. Pat. No. 5,828,455 or U.S. Pat. No. 5,978,085, is placed 
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on an unillustrated mask stage MS for holding the mask 
(reticle) M, and the mask for measuring the aberration is 
appropriately illuminated. The content of U.S. Pat. No. 
5^828,455 and U.S. Pat. No. 5,978^085 is incorporated herein be 
reference- Thus, the aberration of the • projection optical 
system PL (for example,, the wave front aberration) can be 
measured highly accurately. As a result of the progressive 
studies from various viewpoints on the illumination condition 
under which the aberration of the projection optical system PL 
(for example, the wave front aberration) can be measured highly 
accurately, it has been revealed that the a value of the 
illumination optical system is preferably set to be any one 
included in a range of 0.01 ^ o ^ 0.3. In order to measure the 
aberration of the projection optical system PL (for exairple, 
the wave front aberration) further highly accurately, the a 
value of the illumination optical system is more preferably set 
to be any one included in a range of 0.02 ^ a ^ 0.2. In order 
to set the illumination condition so that the a value of the 
illumination optical system is in the range of O.Ol^a^O.3 or 
the range of 0.02 0.2, a diffracting optical element for 

the measurement for setting the locally minimum a value may be 
set in place of the diffracting optical element (11a, lib, 11c) 
for constructing the part of the illumination condition-setting 
mechanism {4a, 4b, 5, 7, 10, 11a to 11c, 12, 14 to 16, 71, 71a) 
in the respective embodiments described above. If any 
aberration occurs in the projection optical system PL in any 
one of the first to fifth embodiments described above, the 
deterioration of the optical characteristic represented by the 
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aberration of the projection optical system PL can be corrected 
by inputting the measured aberration information into the input 
unit 20, and allowing the control system 21 to move (move in 
the optical axis direction of the projection optical system PL, 
move in the direction perpendicular to the optical axis, 
incline with respect to the optical axis, and/or rotate about 
the optical axis) at least one optical element (for example, 
the lens or the mirror) for constructing the projection optical 
system PL, for example, by the aid of the unillustrated driving 
system on the basis of the aberration information inputted by 
the input unit 20. 

The apparatus illustrated in any one of the first to fifth 
embodiment described above may be a scanning type exposure 
apparatus. In this case, the illumination optical system forms 
a slit-shaped (oblong configuration having a length of the 
transverse direction and a length of the longitudinal 
direction) illiamination area (illumination area having a length 
in the scanning direction or the direction of the plane of 
paper in FIGS. 1, 10, 25, 27, and 29) on the mask M. A slit- 
shaped exposure area is formed on the wafer W. An image of the 
pattern on the mask M is formed on the wafer W via the 
projection optical system PL by moving the mask held on an 
unillustrated mask state MS and the wafer (substrate) held on 
an unillustrated wafer stage (substrate stage) WS in opposite 
directions along with the scanning direction (direction of the 
plane of paper in FIGS. 1, 10, 25, 27, and 29). In this case, 
the unillustrated mask stage MS and the unillustrated wafer 
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stage (substrate stage) WS are controlled by the control system 
21 by the aid of the driving apparatus for driving each of the 
unillustrated stages. 

In the apparatus illustrated in each of the embodiments 
described above, it is preferable that the cross-sectional 
configuration of each of the large number of optical elements 
(lens elements) for constructing the micro fly's eye 
(microarray-shaped optical element) 8a and the fly's eye lens 
(array-shaped optical element) 8 as the optical integrator is 
similar to the slit-shaped (oblong configuration having a 
length of the transverse direction and a length of the 
longitudinal direction) illumination area formed on the mask M 
and the slit-shaped (oblong configuration having a length of 
the transverse direction and a length of the longitudinal 
direction) exposure area formed on the wafer W. 

As illustrated in the respective embodiments described above^. 
in the case of the scanning type exposure apparatus in which 
the micro fly's eye (microarray-shaped optical element) 8a 
and/or the fly's eye lens (array-shaped optical element) 8 as 
the optical integrator is replaced with the internal reflection 
type optical integrator (rod-type optical integrator) , and in 
the case of the scanning type exposure apparatus in which the 
optical integrator is the internal reflection type optical 
integrator (rod- type optical integrator) as in the fifth 
embodiment,. it is preferable that the cross-sectional 
configuration of the internal reflection type optical 



104 



integrator (rod- type optical integrator) is similar to the 
slit-shaped (oblong configuration having a length of the 
transverse direction and a length of the longitudinal 
direction) illumination area formed on the mask M and the slit- 
shaped (oblong configuration having a length of the transverse 
direction and a length of the longitudinal direction) exposure 
area formed on the wafer W, 

When the apparatus illustrated in each of the embodiments 
described above is the scanning type exposure apparatus, in 
order to achieve the scanning exposure at a high throughput 
while efficiently maintaining the wide field without bring 
about any large size and any complexity of the projection 
optical system PL, it is preferable to satisfy a relationship 
of 0-05 < Ls/Ll < 0.7 provided that Ls represents the length in 
the transverse direction of the slit-shaped illiomination" area 
formed on the mask M (or the slit-shaped exposure area formed 
on the wafer W) , and LI represents the length in the 
longitudinal direction of the illumination area. In the 
scanning type exposure apparatus illustrated in each of the 
embodiments described above, for exanple, Ls/Ll = 1/3 is given. 

When the exposure apparatus according to each of the 
embodiments described above is used, it is possible to produce 
microdevices (for example, semiconductor elements, image pickup 
elements, liquid crystal display elements, and thin film 
magnetic heads) by illuminating the mask (reticle) with the 
illumination optical apparatus (illuminating step) , and 
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exposing a photosensitive substrate with a transfer pattern 
formed on the mask with the projection optical system (exposing 
step) - Explanation will be made below with reference to a flow 
chart shown in FIG. 8 for an example of the technique adopted 
when the semiconductor device is obtained as the microdevice by 
forming a predetermined circuit pattern on the wafer or the 
like as the photosensitive substrate by using the exposure 
apparatus illustrated in each of the embodiments described 
above . 

At first, in step 301 in FIG. 8, a metal film is vapor- 
deposited on one lot of wafers. In the next step 302, a 
photoresist is applied onto the metal film of one lot of 
wafers. After that, in step 303, respective shot areas on one 
lot of wafers are successively subjected to exposure and 
transfer with an image of a pattern on the mask via the 
projection optical system by using the exposure apparatus of 
each of the embodiments described above. After that, in step 
304, the photoresist on one lot of wafers is developed, and 
then etching is perfoimed by using the resist pattern as the 
mask on one lot of wafers in step 305. Thus, a circuit pattern 
corresponding to the pattern on the mask is formed on the 
respective shot areas on the respective wafers. After that, for 
example, a circuit pattern is formed for further upper layers. 
Thus, a device such as a semiconductor element is produced. 
According to the method for producing the semiconductor device 
described above, the semiconductor device having the extremely 
fine and minute circuit pattern can be obtained with a good 
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throughput . 



When the exposure apparatus according to each of the 
emboddLments described above is used^ a liquid crystal display 
element as a microdevice can be also obtained by forming a 
predetermined pattern (for example, a circuit pattern or an 
electrode pattern) on a plate (glass substrate) . An exemplary 
technique for such a procedure will be explained below with 
reference to a flow chart shown in FIG, 9. In a pattern- forming 
step 401 shown in FIG. 9, a so-called lithography step is 
executed, in which a photosensitive substrate (for example, a 
glass substrate applied with photoresist) is s\ibjected to 
transfer and exposure with a pattern on a mask by using the 
exposure apparatus according to each of the embodiments 
described above. A predetermined pattern including a large 
number of electrodes and other components is formed on the 
photosensitive substrate in accordance with the 
photolithography step. After that, the exposed substrate is 
subjected to respective steps including, for example, a 
development step, an etching step, and reticle-peeling off 
step. Accordingly, the predetermined pattern is formed on the 
substrate, and the procedure proceeds to the next color filter- 
forming step 402. 

Siabsequently, in the color filter-forming step 402, a color 
filter is formed, in which a large number of sets of three dots 
corresponding to R (Red) , G (Green) , and B (Blue) are arranged 
in a matrix form, or a plurality of sets of filters of three 
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stripes of and B are arranged in the horizontal scanning 

line direction. After the color filter-forming step 402, a 
cell-assembling step 403 is executed. In the cell-assembling 
step 403, a liquid crystal panel (liquid crystal cell) is 
assembled by using, for example, the substrate having the 
predeteirmined pattern obtained in the pattern-forming step 401 
and the color filter obtained in the color filter-forming step 
402. In the cell-assembling step 403, for example, a liquid 
crystal is injected into the space between the substrate having 
the predetermined pattern obtained in the pattern-forming step 
401 and the color filter obtained in the color filter-forming 
step 402 to produce a liquid crystal panel (liquid crystal 
cell) . 

After that, in a module-assembling step 404, respective parts 
including, for example, a backlight and an electric circuit for 
effecting the display action on the assembled liquid crystal 
panel (liquid crystal cell) are attached to complete the liquid 
crystal display element. According to the method for producing 
the liquid crystal display element, it is possible to obtain, 
with a good throughput, the liquid crystal display element 
having the extremely fine and minute circuit pattern. 

In each of the embodiments described above, the four-spot or 
annular secondary light source is illustratively formed for the 
modified illumination. However, it is also possible to form a 
so-called multi-spot or multiple-spot secondary light source 
including, for example, a two-spot secondary light source 
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composed of two surface light sources eccentric with respect to 
the optical axis and an eight-spot secondary light source 
coirposed of eight surface light sources eccentric with respect 
to the optical axis. 

In each of the embodiments described above ,^ the present 
invention has been explained as exemplified by the projection 
exposure apparatus provided with the illumination optical 
apparatus . However, it is clear that the present invention is 
applicable to a general illumination optical apparatus for 
illuminating an illumination objective plane other than the 
mask. 

EFFECT OF THE INVENTION 

As explained above, the illumination optical apparatus 
according to each embodiment is provided with the aspect ratio- 
changing element for changing the aspect ratio of the incoming 
light beam in order to change the angle of incidence of the 
incoming light beam in the predetermined direction into the 
optical integrator. Therefore, the entire size of the secondary 
light source can be changed in the predetermined direction 
owing to the function of the aspect ratio-changing element. 
Consequently, it is possible to realize the mutually different 
illumination conditions in the orthogonal two directions on the 
ill\amination objective plane. 

Therefore, the exposure apparatus, which is incorporated with 
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the illiomination optical apparatus according . to each 
embodiment/ is capable of setting the optimum illumination 
conditions in the orthogonal two directions on the mask in 
which the pattern has orientation. It is possible to produce 
the good microdevice under the satisfactory illumination 
condition. Further, according to the present invention, the 
pattern on the mask can be correctly transferred under the 
suitable illumination condition. Simultaneously, for example, 
it is possible to realize the exposure method and the exposure 
apparatus which make it possible to highly accurately confirm 
the optical performance of the projection optical system when 
the pattern on the mask is . correctly transferred. Further, it 
is possible to produce the good microdevice. 



(57) CLAIMS 
What is claimed is: 

1- An illumination optical apparatus, comprising: a first 
optical integrator which forms a first multiple light source on 
the basis of the light beam from the light source; a second 
optical integrator which forms a second multiple light source 
on the basis of the light beam from the first multiple light 
source, for illuminating an illumination objective plane with a 
light beam from the second multiple light source, further 
comprising a magnification-varying optical system which is 
arranged in an optical path between the first optical 
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integrator and the second optical integrator and which 
similarly changes an entire size of the second multiple light 
source; and an aspect ratio-changing element which changes an 
aspect, ratio of an incoming light beam in order to change an 
angle of incidence of the incoming light beam in a 
predetermined direction into the optical integrator. 

2. The illumination optical apparatus according to claim 1, 
wherein the aspect ratio-changing element is constructed to be 
rotatable about a center of an optical axis of the aspect 
ratio-changing element . 

3. The illumination optical apparatus according to claim 1, 
wherein the aspect ratio-changing element includes a first 
aspect ratio-changing element which is arranged in the optical 
path between the light source and the first optical integrator 
and changes an angle of incidence of the incoming light beam 
into the first optical integrator in a first direction, and a 
second aspect ratio-changing element which is arranged in the 
optical path between the light source and the first optical 
integrator and changes an angle of incidence of the incoming 
light beam into the first optical integrator in a second 
direction perpendicular to the first direction. 

4- The illumination optical apparatus according to claim 1, 
wherein the aspect ratio-changing element includes a first 
prism which has a refractive surface having a concave cross 
section in the predetermined direction, a second prism which 



111 



has a refractive surface having a convex cross section formed 
coitplementarily with the refractive surface having the concave 
cross section of the first prism^ and a driving unit which is 
connected to at least one of the first prism and the second 
prism and moves at least one of the first prism and the second 
prism along an optical axis. 

5. The illumination optical apparatus according to claim 4, 
wherein the concave cross section of the first prism has a V- 
shaped conf iguration. 

6. An illumination optical apparatus, comprising: an optical 
integrator which forms a multiple light source on the basis of 
the light beam from the light source; a guiding optical system 
which guides the light beam from the optical integrator to the 
illumination objective plane; a light beam-converting element 
which converts the light beam from the light source into a 
light beam having a predetermined cross-sectional configuration 
or a light beam having a predetermined light intensity 
distribution; and an aspect ratio-changing element which is 
arranged in the optical path between the light beam-converting 
element and the optical integrator and changes an aspect ratio 
of an incoming light beam in order to change an angle of 
incidence of the incoming light beam in a predetermined 
direction into the optical integrator. 

7. The illumination optical apparatus according to claim 6, 
wherein the aspect ratio-changing element is constructed to be 
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rotatable about a center of an optical axis of the aspect 
ratio-changing element. 

8- The illumination optical apparatus according to claim 6, 
wherein the aspect ratio-changing element includes a first 
aspect ratio-changing element which is arranged in the optical 
path between the light source and the first optical integrator 
and changes an angle of incidence of the incoming light beam 
into the first optical integrator in a first direction^ and a 
second aspect ratio-changing element which is arranged in the 
optical path between the light source and the first optical 
integrator and changes an angle of incidence of the incoming 
light beam into the first optical integrator in a second 
direction perpendicular to the first direction. 

9. The illumination optical apparatus according to claim 6, 
wherein the aspect ratio-changing element includes a first 
prism which has a refractive surface having a concave cross 
section in the predetermined direction, a second prism which 
has a refractive surface having a convex cross section formed 
complementarily with the refractive surface having the concave 
cross section of the first prism, and a driving unit which is 
connected to at least one of the first prism and the second 
prism and moves at least one of the first prism and the second 
prism along an optical axis. 
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10. The illtiinination optical apparatus according to claim 9, 
wherein the concave cross section of the first prism has a V- 
shaped configuration. 

11. An illumination optical apparatus comprising: an 
illumination optical system which illuminates an illumination 
objective; the illumination optical system comprising a varying 
mechanism which varies at least one of a size and a shape of an 
illumination light beam on a pupil of the illumination optical 
system, wherein: the varying mechanism includes a first 
displacement unit which is arranged in an illumination optical 
path and displaces the illumination light beam symmetrically 
with respect to an optical axis of the illumination optical 
system in a first direction perpendicular to the optical axis 
of the illumination optical system; a second displacement unit 
which is arranged in the illumination optical path and 
displaces the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction; and a magnification-varying optical system 
which varies the size of the illumination light beam. 

12. The illumination optical apparatus according to claim 11, 
wherein the illumination optical system includes a light shape 
converter which converts the shape of the illumination light 
beam into a desired light beam shape and which guides the 
illumination light beam converted to have the desired light 
beam shape to the varying mechanism. 
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13. The illiaitiination optical apparatus according to claim 12, 
wherein the light shape converter includes a first diffractive 
optical member which converts the ahape of the illumination 
light beam into a first light beam shape, and a second 
diffractive optical member which is provided exchangeably with 
the first diffractive optical member and which converts the 
shape of the illumination light beam into a second light beam 
shape. 

14. The illumination optical apparatus according to claim 11, 
wherein the illumination optical system includes an optical 
integrator which is arranged in an optical path between the 
varying mechanism and the illumination objective and which 
uniformly illuminates the illxmiination objective. 

15- An illumination optical apparatus comprising; an 
illumination optical system which illuminates an illumination 
objective; the illumination optical system comprising a varying 
mechanism which varies at least one of a size and a shape of an 
illumination light beam on a pupil of the illuuiiination optical 
system, wherein: the varying mechanism includes an annular 
ratio-varying unit which converts the illiomination light beam 
into one having an annular configuration with a desired annular 
ratio; and a first displacement unit which is arranged in an 
illumination optical path and displaces the illxamination light 
beam symmetrically with respect to an optical axis of the 
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illumination optical system in a first direction perpendicular 
to the optical axis of the illumination optical system. 

16. The illumination optical apparatus according to claim 15, 
wherein the varying mechanism includes a magnification-varying 
optical system which varies the size of the illumination light 
beam. 

17. The illumination optical apparatus according to claim 16, 
wherein the varying mechanism includes a second displacement 
unit which is arranged in the illumination optical path and 
displaces the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction. 

18- The illumination optical apparatus according to claim 17, 
wherein the illumination optical system includes a light shape 
converter which converts the shape of the illumination light 
beam into a desired light beam shape and which guides the 
illumination light beam converted to have the desired light 
beam shape to the varying mechanism. 

19. The illumination optical apparatus according to claim 18, 
wherein the light shape converter includes a first diffractive 
optical member which converts the shape of the illumination 
light beam into a first light beam shape, and a second 
diffractive optical member which is provided exchangeably with 
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the first diffractive optical member and which converts the 
shape of the illimination light beam into a second light beam 
shape . 

20. The illutmination optical apparatus according to claim 15, 
wherein the illumination optical system includes an optical 
integrator which is arranged in an optical path between the 
varying mechanism and the illumination objective and which 
unifonnly illuminates the illumination objective. 

21. An exposure apparatus conprising: the illumination optical 
apparatus according to one of claims 1 to 20; and a projection 
optical system which projects an image of the pattern onto a 
photosensitive substrate arranged at an illumination objective 
plane . 

22- A method of manufacturing a microdevice, comprising the 
steps of: an exposing step of exposing a pattern on the mask 
onto the photosensitive substrate with the exposure apparatus 
according to claim 21; and a developing step of developing the 
photosensitive substrate exposed in the exposing step. 

23. An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate, comprising: an illuminating step of 
illuminating the mask via an illumination optical system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step comprises a converting step of converting the 
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illiomination light beam into one having an annular 
configuration on the pupil of the illuitiination optical system; 
a first displacing step of displacing an illumination light 
beam symmetrically with respect to an optical axis of the 
illumination optical system in a first direction perpendicular 
to the optical axis of the illumination optical system; and a 
second displacing step of displacing the illumination light 
beam symmetrically with respect to the optical axis in a second 
direction which is perpendicular to the optical axis and which 
intersects the first direction. 

24. The exposure method according to claim 23, wherein the 
illuminating step further comprises a step of changing a size 
of the illumination light beam. 

25. An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate, comprising: an illuminating step of 
illuminating the mask via an illumination optical system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step comprises a first displacing step of 
displacing an illumination light beam symmetrically with 
respect to an optical axis of the illumination optical system 
in a first direction perpendicular to the optical axis of the 
illumination optical system; a second . displacing step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
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first direction; and a changing step of changing a size of the 
illioinination light beam. 

26. An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate^ comprising: an illuminating step of 
illuminating the mask via an illumination optical system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step comprises a changing step of changing an 
illumination condition for the mask; the changing step 
comprises a selecting step of selecting at least one of a first 
setting step of setting a first illumination condition for the 
illumination optical system, and a second setting step of 
setting a second illiamination condition for the illiamination 
optical system; the first setting step comprises a step of 
converting the illumination light beam into one having * an 
annular configuration on the pupil of the illumination optical 
system, a first displacing step of displacing the illumination 
light beam symmetrically with respect to the optical axis in 
the first direction which is perpendicular to the optical axis 
of the illiamination optical system, and a second displacing 
step of displacing the illumination light beam symmetrically 
with respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction; and the second setting step coitprises a first 
displacing step of displacing the illumination light beam 
symmetrically with respect to the optical axis in the first 
direction which is perpendicular to the optical axis of the 
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illumination optical system^ a second displacing step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis in the second direction which is 
perpendicular to the optical axis and which intersects the 
first direction^ and a step of changing a size of the 
illumination light beam. 

27- An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate, comprising: an illuminating step of 
illuminating the mask via an illumination optical system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step coirprises a varying step of varying at least 
one of a size and a shape of an illiomination light beam on a 
pupil of the illumination optical system; the varying step 
comprises an annular ratio-varying step of converting the 
illumination light beam into one having an annular 
configuration having a desired annular ratio on the pupil of 
the illumination optical system, and a first displacing step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis of the illumination optical system 
in the first direction which is perpendicular to the optical 
axis . 

28. The exposure method according to claim 27, wherein the 
varying step further comprises a step of changing a size of the 
illumination light beam.- • 
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29. The exposure method according to claim 28, wherein the 
varying step further comprises a second displacing step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects the 
first direction. 

30- The ■ exposure method according to claim 27, wherein the 
illumina'ting step further comprises a light shape-converting 
step of converting a shape of the illumination light beam into 
a desired light beam shape before the varying step- 

31- The exposure method according to claim 30, wherein the 
light shape-converting step comprises a first diffracting step 
of converting the shape of the illumination light beam into a 
first light beam shape by using a first diffractive optical 
member, and a second diffracting step of converting the shape 
of the illumination light beam into a second light beam shape 
by using a second diffractive optical member which is provided 
exchangeably with the first diffractive optical member. 

32. The exposure method according to claim 27, wherein the 
illuminating step cortprises uniformly illuminating step of 
illuminating the illumination objective by using an optical 
integrator. 

33, An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate, comprising: an illuminating step of 
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illiiminating the mask via an illimination optical system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step comprises a changing step of changing an 
illumination condition for the mask; the changing step 
comprises a selecting step of selecting at least one of a first 
setting step of setting a first illumination condition for the 
illumination optical system, and a second setting step of 
setting a second illumination condition for the illiamination 
optical system; the first setting step comprises an annular 
ratio varying step of converting a the illumination light beam 
into one having an annular configuration with a desired annular 
ratio on the pupil of the illumination optical system, and a 
changing step of changing a size of the illumination light 
beam; and the second setting step comprises a step of 
displacing the illumination light beam symmetrically with, 
respect to the optical axis in a predetermined direction which 
is perpendicular to the optical axis of the illumination 
optical system, and a changing step of changing a size of the 
illumination light beam. 

34 . An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate, comprising: an illuminating step of 
illiaminating the mask via an illiomination optical system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step comprises an annular ratio varying step of 
converting a the illumination light beam into one having an 
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annular configuration with a desired annular ratio on the pupil 
of the illumination optical system, . and a first displacing step 
of displacing the illumination light beam symmetrically with 
respect to the optical axis in a first direction which is 
perpendicular to the optical axis of the illumination optical 
system, and a second displacing step of displacing the 
illumination light beam symmetrically with respect to the 
optical :;axis in the second direction which is perpendicular to 
the optical axis and which intersects the first direction. 

35. An exposure method for exposing a pattern on a mask onto a 
photosensitive substrate, coirprising: an illuminating step of 
illuminating the mask via an illumination optical . system; and a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate, wherein: the 
illuminating step comprises a changing step of changing an 
illumination condition for the mask; the changing step 
comprises a selecting step of selecting at least one of a first 
setting step of setting a first illumination condition for the 
illumination optical system, a second setting step of setting a 
second illumination condition for the illumination optical 
system, and a third setting step of setting a third 
illumination condition for the illumination optical system; the 
first setting step comprises an annular ratio varying step of 
converting a the illumination light beam into one having an 
annular configuration with a desired annular ratio on the pupil 
of the illumination optical system, a first displacing step of 
displacing the illumination light beam symmetrically with 
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respect to the optical axis in a first direction which is 
perpendicular to the optical axis of the illxmination optical 
system^ and a second displacing step of displacing the 
. illimination light beam symmetrically with respect to the 
optical axis in the second direction which is perpendicular to 
the optical axis and which intersects the first direction; the 
second setting step comprises an annular ratio varying step of 
converting a the illumination light beam into one having an 
annular configuration with a desired annular ratio, and a 
changing step of changing a size of the illumination light 
beam; the third setting step comprises a first displacing step 
of displacing the illumination light beam symmetrically with 
respect to the optical axis in a first direction which is 
perpendicular to the optical axis of the illumination optical 
system, a second displacing step of displacing the 

illiomination light beam symmetrically with respect to the 
optical axis in the second direction which is perpendicular to 
the optical axis and which intersects the first direction, and 
a changing step of changing a size of the illumination light 
beam. * 

36. An exposure method for exposing a pattern on a mask onto a 
photosensitive siabstrate, comprising: an illuminating step of 
illuminating the mask via an illumination optical system; a 
projecting step of projecting an image of the pattern on the 
mask onto the photosensitive substrate by using a projection 
optical system, and a measuring step of measuring an optical 
characteristic of the projection optical system, wherein the 
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illiaminating step comprises: an exposure condition-setting step 
of setting a a value as an illumination condition to be within 
a range of 0.4 ^ a ^ 0.95 when the projecting step is executed; 
and a measuring condition-setting step of setting the a value 
as the illumination condition to be within a range of 0.01 ^ a 
^ 0.3 when the measuring step is executed. 

37. The:: exposure method according to claim 36^ further 
conprising: a scanning step of moving the mask and the 
photosensitive substrate in a scanning direction when the 
projecting step is executed, wherein: the illuminating step 
coir5)rises a step of forming a rectangular illumination area 
having a length Ls of a longitudinal direction and a length LI 
of a transverse direction on the mask; and a relationship of 
0.05 ^ Ls/Ll ^ 0.7 is satisfied. 

38- A method of manufacturing a microdevice, coirprising the 
steps of: an exposing step of exposing a pattern on the mask 
onto the photosensitive substrate by using the exposing method 
according to one of claims 23 to 37; and a developing step of 
developing the photosensitive substrate exposed in the exposing 
step. 

39. An exposure apparatus for exposing a pattern on a mask onto 
a photosensitive substrate, comprising: an illiamination optical 
system which illuminates the mask; and a projection optical 
system which projects an image of the pattern on the mask onto 
the photosensitive substrate, wherein: the illumination optical 
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system includes an illumination condition-setting mechanism 
which is attached to the illumination optical system and sets a 
a value as an illumination condition to be within a range of 
0.4 ^ a ^ 0 . 95 when the photosensitive substrate is exposed 
with the pattern on the mask and which sets the a value as the 
illumination condition to be within a range of 0.01 ^ 0.3 
when an optical characteristic of the projection optical system 
is measured. 

40- The exposure apparatus according to claim 39, further 
comprising a scanning unit which moves the mask and the 
photosensitive substrate in a scanning direction when the 
photosensitive substrate is exposed with the pattern on the 
mask, wherein: a relationship of 0.05 ^ . Ls/Ll ^ 0.7 is 
satisfied provided that Ls represents a length in a transverse 
direction of an illumination area formed on the mask by the 
illumination optical system, and LI represents a length in a 
longitudinal direction of the illumination area formed on the 
mask by the illumination optical system. 

41. A method of manufacturing a microdevice, "comprising the 
steps of: an exposing step of exposing a pattern on the mask 
onto the photosensitive substrate by using the exposing 
apparatus according to claim 39 or 40; and a developing step of 
developing the photosensitive substrate exposed in the exposing 
step. 
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7>^sv7ii ^^5|oi sicf. 01 XI 1 >8-7i ±^■ la-^^ v^v ^^fii ^-8-* 5}<*1 W>^2|«1- 

^ ^"^^ X1 3 ^^oflAife, XI 1 SEfe XI 2 ^^fi] 2:^ ^^Ifi]-, ^^7] A^iAViaofl Bfl^l^ B>i3Sl 3J||lQ-i- 

-g. ^igsl XI 4 XI 3 ^'^s^ ^^Hi 31*11 >8-7l T,}^^3.s] s^^^ -'^7] 7]^^^] 

^qaM^S^ X]3: "J-'a* XI ^tb^-. 



^ tii'a- ^nn^ ^'§-'^^^ 2:^^51 3.7] ^ ^<h:£ it^^ 7}^^s. 7>^ -^^^ ^ai*>ji, >8-7i 

7}^ ^^-ir. ^7l ^nn^ ^Sm^ XI 1 n?-2l- -8-71 A>o1o|] ^Jl ifl^ 1}-7l S^g^-g- 

^•9lAl?|^ XI 1 ^^4. ^^7] ^^t}jL £^ ^7) XI 1 5L;x>S|-^ XI 2 f}"^* ^^7] A> 

oHl ^Jl tfl^lAS. ^7l ^L-^^-g- €-?lAl?l^ XI 2 -8-71 ai-^^Sl 37] # 7>^O.S. ^Mll ^«]-?j|# 
^^^S. 2:^ Xl^^rcf. 
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^o] s^. ^7] SI'S ^7) 7>^ ^7] Mr^ a>o)o^ hJ|*1s1<H -S"?] iilaE:^ 



^^]^]^^] 1 41-71 ^^3). 315LS->:II at!" ^1-71 1 iilS>S>^ 2 «J-%t* ^1-71 A>ol 



<m ^ul ifl^ 2:^^-S- «41 A]?!^ 1 ^7] ^H^m -8-71 l "S-^sl. ;*fl 2 



^ ^"^S] ^] 8 ^'SoflAife Ti]-^3.^ ^^'^ 7l:&o)] i^:i-«:>fe 1^% ig-^ofl Sic^^i. 2:1^ -^7] 

P>ibH# 2:'SS1-^ ^^3)-, >S-7l n>^a^ i^^ ^7] 7l^<H| *=S* -8-7] 2: 

'S ^^i-ir 4>7l t3>i3<^ cfltb 2^ 2?1* S.^H>J1, ^7] ^7l ^^TflSl 

1 2:^^ 2::?i* -a^^fe ^] 1 ^^2)-, ^71 ^1 2 2?i* -S^Ssl-fe 2 ^<H£ ^ 

^1- >5d«i«1-fe -aai ^'S* •8-71 ^ 1 >a=S ^7l ^n^^^ ^^-H^iSl s^S^* uielni t§^^ 

S. 3l-§-* -^-'^^^V^ 315] n1 3)-^ ^^s).. ^1-71 2^^ ^^^^ ^S^^ ^1 1 t^^^- ^ 

^* Afcjol] ^Jl tfl^l 2^^* ^^A]?!^ 1 ^8-71 ^^21- 3]liL*>Jl atl: ^1-71 >Hl 1 fj-^^l- 

^1 2 142^- Aj-71 Al-ojoi] :^jL >8-7l 2^^* ^-^lAl^lfe ;Hl 2 

^8-71 2 -M^ ^^a-ar. -8-71 %^7fl^ ^^^l- 2] 5131-^ :^ 1 i^-^-i- lEl-el- -8-71 ^^-i: A>ol6(| :f.JL tfl:|!^S. '8-71 
2'3^# ^^Al^lfe ^] 1 ^^4. zls^fjii a*}- >9-7l ^1 1 iIlSl-*>fe 2 'S-^* nq-Bl- ^7] 

Al.o]<Hl :^al Cfl^l >8-7l 2:'g^-i- ^-^^Al^lfe 2 ^8-71 a^-^^fil 3.71* 7}^^S. ^Hfl 



^ ^^fii ^1 9 ^'i'=flA-i^, 313:^ #^1- s'^sv^ 2:^ ^«h?ii« ^^Hi 5i<H^i. ^nn 

^ n^i- 2*^ ^«}-^lSl ^^oflAiSl 2^^2l H7l ^ ^-8-^ ^o]S. 71-^^S. 7>^ ^^}* ^Wl«l.J7. 4T-71 

7>^ 2:'S^-i- ^I'a-^l-fe ielnla]*- ^fe 3Ls]n] ^^j-o.^ ^^-§-* -?-<:^«:1-fe oieliilal 7}^ 

-8-71 ^^^^ ^sl^^ ^ i u-^* ni-si- -8-71 ^^^s. ^7] si^^-^ ^^ai?i 



- 6 - 



^7ll^*1 ^2002-0042462 



71 ni-is* S'^*!-^ aL-^ ^^y^. 4^71 T^v^^si ^7] 7]^c^] ^^m^ ■f-'S s«-*M. -^-71 

2^ ^7] ^nA]^ ^^-=11^iSl 2:^^31 a7l ^ ^«H£ tb^# 7>^^S. 7>^ ^^l" 

s1-:il. ^7l 7>^ ^1-71 S:'^^* ^i'S-SV^ 3ieltt]Hl» aie|a| ^-^vo.^ -¥-<^^^ 3ielnl 

al 7}^ ?^3l.. ^7l 2:^3 ^«l-7flSl ^Mti^^ ^ 1 'S-^^ i4b1- ^71 A>oloi(| ifl^ >a-7l 2:'^^ 



4 10 ^--^^ aV^^lt!- ^E)|<H1 nl-s^, ^^7] 7>^ ?:^J-g- >S-7l S'^^Sl H711- 71-^o.S. «m ^1 i^tlr 

Cl-. 4^71 71-^ ^^^^ ^7l ^^31- >a-7l ^^l 1 ^^^^l- I[L^>*V^ ^ 2 'S"^* n^-El- ^^7] A>ol 

^jl r^^^ -^7] ^^>^l?m ^1 2 ^Jg* ci S^*]-^ ^^1 HV^ajsl-rl-. ^V7l S'g ^'g^. 

^^7i 71-^ -^1-71 2:'^^^ ^41-* ^^j-«>^ n^^^s. ^^n^ % ^'g* ni 5L^«Ffe ^01 

H>^3|Si|-cl-. t>] . >S-7l ^ ^-S- ^1 1 ^«]- ^^11* <^l-§-*><^ ^'■71 31"^%^ ^^-dr ^] 1 

^'•71 ^Aj.^ 2 n^^^S. ^^^^ ;Hl 2 -g-^* ^ol aV^zj^cl-. >a-7l 2:^ 

^. ^J-71 7>^ ^ofl, :g-«l- 2j^7l» ol-§-*>ol AJ.7I JI]2:'3 *^Sl-7Jl ^I^Vfe S'g 3.^Sl-fe 



^ *'3S| ;4 11 ^}^3.^ n^-^ 7m611 i^:^«l-^ ig-^ofl %tj-^ll- Tl^Ai ^ 

7l x>>^3l- 2^3 ?^3l-. ^>7l v}^^3.^ ifl^ ^V7l ^^A^ 71 ^-^^l-fe S^*>^. ^'-71 

^71 n>i3<^l ^^3)-^ ^^71 ^1-7l 2:^ ^^J-^l^l 

;H1 1 3i^ 2?i^ €^*>fe 'HI 1 ^^3}-. >a-7l S'g ^«?-7ilfi1 >ll 2 2l'S 2:?i^ ^fl 2 -^^ ^^3^ 

th^:^ ^^Sl-^ ^^J* ^1-71 ^^g^. -3-71 2^3 ^^Tfl^i -^^^a^si ^^^4r Jl 

^^u]^ :n.^vc\ ^^o^s. ^$*>fe sh-S-* -¥-<^«>^ Jieltqai 7}^ "S-^^. ^7] 3i^^a\ 3.7]^ 7>^o.s. 
^^-i: ^^71 7q 2 ^71 ^nn^ ^^^f 2| jii«>^ iq-Bi- >^7l A> 

-^Jl tfl^l^S. 41-71 2:"^^* ^^^171^ ^41 *=g3|., >S-7l 2:'3%31 a7l-l- 7>^©.S. ^Bfl ^^-t" Stg-grl- 



^ ;q 12 ^'g<KlAife. T3>i3Sl sfl^^ ^^^^ 7mofl i^:g-3l-fe i^:^- uj-^oj] o;[olAi. 2:^ ^t^7^1» Tl^A-^ 

71 T>>iHl- 2:^ ^=§3).. >a-7l T>>>raSl >a-^ ^^7l 7m°fl ^"^^V-fe ■f-'g ^^3* ^7l 

S'g ^^-8:. ^7l ^«l-7flsl ^^oflA^al 2:^^* 4i'g-5>^ JiHlnlal* Jisliil ^b-g-* 
ol^^ JlBlltlBl 7>^ ^^31-. 4V7I 2:^3 ^«^7ilS^ ^^3)- 3lJil«l-^ ;«ll 1 ltl-E|- ^7] A>oHl ^jl cfl^l 
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7] a>i3* 3:'=S*>^ S'S ^V7l p>iasl -^-71 7^J^A^ 7]s^6fi :f.<^5>fe :f-<^ ^Jg^ i^^V^^. -^-71 

1 1 4^7] ^1 2 ^^s)-^ 2 ?J '^■71 

^nns^ ^3 2i^ S,^-^ -a^Sl-fe ^3^^ -a^i*!^^ ^^-i- ^71 71] 1 

"S-^-^. ^^-7] ^ShTflo] ^^o)|Alo^ Sr'g^* ^h'S"*}^ Jie]n1wll- JlHltrl ^^^-^.s. ^:S-*>^ ^-i-^ -¥-c^s> 

Jisjnlttl 7>^ ^^if. ^7l 2:^ ^S?-;^^ ^^2). a|SH>fe y^] 1 a)-e^- >a-7l A>olofl cfl^l ^l- 

7l S'S^* ^^A]?!^ ;*(] 1 -'3^7] ^^sq- 2)5131-51 1 'S■g=2^ S:*>*|-^ 2 '8-«g=* n^-E]- 'g- 

-^-71 Aj-oloJ) tfl^ ^:$^Al?l^ ^1 1 ^'g:^-, ^V] ^^ilf 3]SSl-Jl 'S-71 



^ ^'S^ ^115 ^^'Hl>^^fe, 14 ^"fSl ^^14 ol^^j-o^ ^7] D>^i3^ ^7] 7l:^ofl i^:g-5>fe 

^ ^■'^Sl 16 ^^^eflAl^. 6 8 >1| 10 «^ 13 '>]-%-^^ ^7] 



^ ^^S] ^ 17 ^^<H1A^^, ^}^3.^ ^^4r ^^^^ 7]:^^) i^:^*}^ ic^ aj-^<Hl Si-^^i. ^1" 
7] °>^3» ^^^fe 2:^ ^^5!].. :i-t}-7i]# o]^^}c^ ^7] v}^3.3] 4€ ^* ^7] 7l^oJl :f-":|sl.^ ^f- 

Si<H 2:?iAS.>«.-1sl o 0.4^0 ^0.95S] ^^S. ii^ 2:^ ^^-71 ^ 

cfl Si-H^l ^i'^ 2:?i^S./<.io] o St* 0.01:^0 ^0.3S^ "3^^ 'S'SSVfe 2::?i a^*>fe 
^^I^S. S)-^ in^^ tJ-ia-i- ;*fl^^i:1-. o] ^7l S1<H. -^-71 o>>h3S)- -*7l 7l:e-i- 

4=1- ^l^^l?]^ c1 -^-71 2:^ U-^sl- wj-^l^ ^ 

S'S -^^i ^7] T'V^S'a-ojl ^-^^sV^ ^^*- ^7] 3^^ ^^S] aj-^to^ igo]^ LsS S^-jL. 'S" 

71 <a^Sl fJ-^Sl ^go]^ LIS * ofl, 0.05< Ls/U< 0.7^ 'S^Al^lfe :5iol uV^aj^l-cl.. 



^J-71 T^l-i^Sl ^V* ^V7l 7l$ofl •f-'gSl-fe ^n^m T^ajsl-'^H. ^7l 2:^ ^«?-?il^. 
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-^-71 %n ^^i^ "fl. 3i:d^S.^^^ a ik^ O.Ol^o ^0.3^ ^-^S. ^^^^ 2: 

^]o1] ojgfl ^1-7] o>>i3^1 ^^^=1^ ^1-71 <g^^ «<J-^^ Ls^ ^VJI, >8-7l ^nn'^ SlSfl >a-7i 

^>>:aofl ^S-a^fe -S-71 ai'g us. ^ nJI. 0.05< Ls/Ll< 0.7S1 ^^^j^jfe :^ 

6l «>^2^«]-c|.. 



^ "Q:^^ -a^Hl^Jl Si'H'Hfe. ^» *^ sisii. 

4^ ^4i-<»H- ^^s] ^^^T^. o] 4^ ^^«>m- Ji^^ ^^>2l ^^£1 ^^5^1^ s;\n 

^^51:32.. ^•^<^1 cflSl-o^ O]^^^ «<J-tf<»i]^i a>ol3.^ o}^] ^Z. mfe B>c>l3S. ^s. <>! ^1 f 1 («>1 si", '■pi-oia.s. 



7)2:^ "tf:!:^ o>6i3s.tlH>oi;i$ ^3^%. =^ SU^-- 



(^^H 1) 

"HI :a-:g-Aj 7i:^oi *flo]3i| i^aJ n}.2l- z^^. ^l<il5l^M]<H] Si<H^i i 1^ ^l^-Hl ^*ltb tJ-^JS-S 

4^ Si's* ^*>S.^ Sl^^. 



S 12^ i-:^^(2:^^)* ?^^7l "^^cfl 248nin(KrF) 5^ 193nm(ArF)2l 

^ ^€1- ^HlSl-ji oicl-. ^-6(1) o.^-¥-El Z «J-^* nj-e^- X 

*9-^* AA 7>^:a ^711 ^^g-^ ^^-i- ^ 5a2^(2a ^ 2b)s. .^l^H^lfe e^isacH (2) 
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«:5V7l 4iX>» ^a^*Vji Slcf. 



4). 3L^^ ^^-^-B] iJi^l-(4a) ^ -f-^ a'g-g-^ ^«^^^>(4b) A>olo^ ^^^^ ;^]o1;^](2l)^:^ 

^S] :^]^^ ^7]^<^ :^ 1 ^*?fl(22)«fl «9Sil^^-. 



Tl^A-l ^A^^ 4^ ^^v^ o>iL« (afocal) 1- iffl^C^Hfl ^efl'^l (5)'>11 I^aV^V^. 

^>(4)S1- n>o]3S. *5l-ol «»>«»1(6)^ ^'^l-^-i- 71^ ^TflS. -fi-^l*>al. 5E^ «^>S€?f| (^2:^ ^^^) 



i^S^A^, v}o]3.^ l-el-o] e.]-ol(6)'>1I 'JJAV:^ cf^S] nj^i ?12:<H1 SiSfl 2*>€^^S. $§Sl<H. ^I" ^^s) ^ 

^ 2:^^<^^ Zl-Zl- 171)31 4^ ^-a-Sl ^^-^-l ^^J^Cl-. "^l^ ^<^1. °>«^1HS. #2l-o] oV<il (6)^ ^€ (1) ^^.-f-El £l ^ 



^1 2 ^t}- a}^7lS.Ai£l l-Efol <s>ol ^2.(8)» ^^21 2:'^^i:f. 2, # 5^2^(7)^ ^^sm 'S^^^^ 71 el* 

o.^ ^^A]^ >^ o 7l-^-§-£l ^ttll ^^TflS-Ai. u>ol3s. l-el-ol o>e.l (6)51 s-el-ol 6>o1 
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^2^(8)^ 2:^^* Sit)-. ^^^.-^ 5a2:(7)fe n>6l3S. §ef<»l t>}e>] 

(6)^ ^^^31- ^a^-o] o>c.i 5^2^(8)^ •a^'-V^-i- -a^^^S. ^Tfls. Sli^. 



^ ^"iJ^^Hl^i ^^^«11<='> ^ <^^^ ^'^)^ ^'--^V?! ^-^^^ ^"a-i- a^, l-el-ol oi-o] ^2:(8) 



SI ^^3^<?1 ^ :^-a(31~34) «1^<^^1^ 4^ 2^> ^^^l ^^^^i^. <>1fil-.^ol. ^^^] <»>«1 ^2^(8)^ 

1 %n ^}o]3.S. ^ef-^l <»V«*1 (6)^ Si^^'Hl ^A^€ ^] 1 o.^^E]3l ^^^] e7l«H iL^I- 



Jf» 7l|^ 3iel7fl» 7]^^-^ ^. ^^A-l ^^^1(9)S1 ^cHl, sfl^o] ^aJ^ n>i3 

O-S. o>i3. MSI SI1^# ^2}-^ ^n:^] PL* 71 ^:^A^ 7l^?l W'^-'fl 



a. -ai- ic^-^lAife. it^ ii'^- <ffl=- elSlE t4E).A^ ^olajSl Z^- i:,^ <^ ?^ ofl cfl^>0^ D>:A;H ifl^* ^^2^ 

ii^Al^cl.. o] ;g^, p>^ia M-S-*fl-H^ a:'^ ^^s) t^^^ ^»S-^(IE:&?^)^ 7>^^^ alA>2}-^ ^^<»H. 

oflH.- ^l^J «j-^ol| I4H)-Ai Ti>>:a. ^ ^olJB|* ^cg ^«}-;flofl I^a^-oi ^Cfl ol^Al^l^Al. ^flolSlSl ic^ 

<g^o1] iflsM D>iii3 ii^Al^c).. 6] pV^3 M>S-^A13| 2:^ <=m^ ^-8-^ 13-^ ^ al 

7>. <^1- »^ l:3fi1 3]A1.21-<| #s1-ol 6>o] ^2:(8)S1 2^- iga. tEl^SSl la-^ ^>8-£ ol^i^l- >8-A>ol alA> 
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^ ^^(31~34)^S Sl^. =^71^^. 2^ ^ ^-^(313-343)^ AXS.^^ ^'Q^ P]^^^ t'H 

^ 47^^ (31a~34a)-i- ^^t}c^ ^^^^ ^^V^l"^* AX# ^^^^ X ^ Z «<J-^^^ 



3l2:A>^6i M^s] «as1Sl l^«>fl lJA>«1.-& ^'S-S X ^S-^ ^ Z 'S-*^ ^«f<H -fl^l 

4^ ^-y-^S. ^t4. ">i3 M^>S1 2 «J-«^(X «<}-^ ^ Y «^§)ollAi S?!'*! 

•asl-Til €^1-. ^2fl>«i. l<^lAife i=>i:3. M^Sl 2 'S-^'^^i ^is. ^I'S -a«s>7l <^}S. 



-S-si i-s. ^^c}.. 



2 H2l#(10b)Sl ^Aj- #;i^(iOd)-a: ^] 1 ^el#(10a)2l ^s. ^^v #^^{10c)5!l- ^<\S. 7>^S}-S^. 
^*>^ A] 1 Hel§(10a)5l ^s. ^^1- §;a^(lOc)2}- ^^^^^S. ^Ajsl<H ^4. ^, ''fl 2 =E)#(lGb)^ 
^^^(10d)-g- X sg^^ 27l|Sl ^A^S) Jl, Z 1}-^^ n^-El- v^> ^-a-s; il-E- ^-a- ^^cf. 

a*. ^1 1 =e|^(10a) ^ 2 Hs|#(10b)^ AX-^ nl-B}- o]^ 7>^3l-7fl ^Aj5]ji^ ^m. 

^^^(10c)3j- 1-^ #^^(10d)2l :?]::^ol 7>^6.s ^^^sl^l Sitj-. 



a. V* ^A]^(io)Sl a. ^s. ^>.v ^^^(lOc)^!- 1-^ ^^^(lOd)^! ^^fe. ^M;^l(2 

l)S.-^Elsl ^l^ofl ^Tlsl-o^ ^^^^^^ 4 ^^7fl(25)<>(l ^^^1^. a^. >floi7j](2i)6^ ojis." el3|S 

«<J-^ i^- "fflS.- 'a-^^<ifl Ti|-5>>»=1 ^;S>^ ii^Al7^o> § 2^-^ n>ia<=fl -f-o] -f-Sl 

^^1:(20)^ T^^Ai -a^^c}-. 

o^7lAi. 1 He|2.(iOa)Sl <S-^ ^^^(10c)3f >ll 2 =e)#(10b)2l ^^S" (lOd) A^S. 

^1-^^Alfe, ^Ala.(io)^ 3§«S 3g^:g-o.^Al 7]^^T^, ^A^El^ 4= ^^vo^ 2^> nl^l^ <§^^ §i 

cl-. ZlBlM-. 1 S2l#(10a)Sl ^^#^^(10c)3)- 2 =El#(10b)^ 1-^ ^Aj- ^^^^(lOd)* <il5^Al?l^. 

^A]^(10)^ X 3|sg ig^^o.s.Ai 7l^«>:^ln>. z i4e|- ^ eJiii3fflClS.Al 71 ^^c)-. 



i^sl-A-l. ^^1- #^^(10£)3il- 1-^ ^-^1- §^^(10d)£q :i>^fil ^SF'-fl nfef, nj-ol^S. <i>o1(6)S.sl <aA> 

X «o^^<Hl ^A> 5q-5Lfe ^^m. "><^1=LS. €h1-o1 c}c] (6)5.^1 ^a> ^^s^ y ^J-^-Hl 14s. ojA> 

^^^1^. ^ ^3)-, JE 2o11 SZ'HAis^ 2^- ^ ^^(31-34)51 ^^(31a~34a)* X «o>§^S.^ -^l-^*!-^! 
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0)^ Sm^ §^^(10c)3}- l-s- ^^^(lOd)*] ^S. Si* 4^ 2S> ^-S* 



a^. «!i>«-1€^(10)fi1 ^^^] 0?1 -8-^^ 5a«H>«i. *>3£^ # 591^(5)^ ttfl^-i- £ 4S1 (c)«>11 SAl^fe 

«>5t ^ ZL ^ ^3. X 'S-^ ^ Z 'S-^^S. ^<a«- 7^21^^ 2^^% 

£. 4^ (d)oI| £>»-l«V^ H>5q- 4^ ^'S-s^ 2:X> ^^7} ■^^^}^o_s. ^tfl afe ^. ^ ^ ^ 

s <:>l-^«Vt:l-. ^, 2:A>ofl o^^b HBl§ -¥-;»l|(10a ^ lOb)^ Sl2l«l-7l ^SflAi, <i>i^ ^ €^(5)^^ ^S. 

^<=H] sa^^i 4711^ -^<='l ^^i^^ ^^^AS^El ?V^* =el# -^^11 (10a ^ 10b)* afl^l^V^ «>^^ 



4i^>(4a)# Tl^jAi <i>9-Sl ^^ol ^^^C^-: 4i^>(4a)» Tli^'^i <^>S 

^ ^ ifflS(5)'Hl <a^>*M. -^^^^l ^ ^^Si] ^^)# ^^^^cl-. ^ 4l--^S.-^Elfil 71 



^ <aAl-^ofl ^A^^ 2:«>iq- 7]^ ^ 7j-iE.» 2Pi} ^-fi. AX» ^-a^ ^ Jisin) ^-S-fil 2^> ^-fi 

*1 



£,5fe ^Al^o^ o>it^ ^ igl2:5l Hfl-i:^^ ^ # ^^.s^ 2:^ Tlelsj ^^7> Jieltcl ^^>sl 2*> 

^^'^ ^]^^ "i^* a-i]^ ^"S^l-^ S^ojcl-. £ 5SH (a)«^ SAlal-^ M>ii|- ^^1^(10)51 ;?V:^ol 0 

■a ^, ^ #^^(10c)3)- 1-^ ^^1- #^^(10d)*l ^^«1-J1 SI* nfl. jiBlnl ^^1-0^ 2*> 

21- ^ o, X ^ Z 1J-^<^1 ^3l-<=^ ^^IS- ^^^^4. =1^:11. 5flAl^(io)3l :?}-:^* 0-9.S. 

■?-Ei it 'a Si 37)3. i 5S1 (b)'>fl SAjsV^ H>fi). :^o] ieltil ^^sl 2*1- ^-S^ ^ ^ui. 

^el°1 ^-S-^ 2^> ^^31 37l7> z »y-^«.S. ^iflslol. Z 'S-^^S. El-^ jiBl ^-S-^ 2;*> ^^^S. €t^. 



^^1^(10)21 ^^ol 0?1 ^>Efl<^fl Siol^i. «>>i« -i- ^2.(5)S1 afl#^ ^^A]?l^. £ 521 (c)ofl SAlS>^ 

Al^(lO)^ :?>:^<»1 0?1 Siol-H. ?as(7)Sl 7lBl# s. 5^ (d)«>fl £Al«|.^ ti><S}. :g-ol, 

^^^S1 2:*> ^^7> -S-AV:^ :^tfl ^4i€c1-. 3tel«t| 2:a> ^-^Sl ^ ^ ^l-^ al:^^! 
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^^^s. ^^sl-fe 7i^* %n ^^l-(4b)<^ ^sfl ^^i^ € ^-S-^ *>s^ 'ffl 

Z »S-^*.S. El-S ^4>S1 2S> ^-S^S. ^cl-. vl^ 551^1^(10)^ ^^o] 0^ ^l-Efl^Hl <>>SS # € 



651 (b)ofl £Al^^ B>5>). :g-ol, v^> ^ %^ AXiq- ^2)^ 

Sicf. at!-, ielnl €^ ^L^g-Hl Sl<=H'^i ^^'^'l ^l^i^j e1-€ 2*> 

^€ E)-^ ^-8-^ 2*1- ^7l ^I^Ai^. S. 631 (c)*^ S.Als>fe Hl-iil- :g-oi, v;^> ^S'S- S 



att. S. 721 (b)<^i i^lsV^ :a^ol, 3f-g- ifj-^ol 3ls*>^ 2 -«flMSl Vl^ «1|^1«>^ ^<^1 ^«fl, 2:^> 

^■fSsI :5i«fl a7l» X f}-^ ^ Z fj-^^s. 21-zl- ^^Al^ ^ 5au|.. 61 ;§Jf-. 2 Aflmal «3}a1^# ^Sfl:^ 

^S. Sfe AX» ^^^S. «1-<^ il^ 7V^s1-7fl ^Aj^6.s.4«1, 2S> 371-1- o^^^ Zj^L^V 

2 2.^ ^S121 2 21-21- ^^Al^ ^5. Slcj-. 

a, 'S-*'^ ^'^H H 5a«H^ife, 4i?^l-S.Al^ S]^ ^Sj- 4i;^l-(4, 4a ^ 4b)». §^ B)^ a 

^ ^^1(^*0)^ ^2l-*1c1 7l^S o'\-%-^<^ ^S-^ofl ^Al :i^«>5.^ T^-l^^ ^ $X^. 

01 53^. -8 ^^^21 "I4l i^SuOflA-^^ S'SSl-Tfl Ufl-g^ ^ Si^H ■^^<*1 ^'S^SS., •S^<=11 7>^7|-a- Cl-Zl-^ ^ 

^21-^^ Al:=gs1-Jl 5a7l nfl^olcl-. ZL^^. Tj}o]3^S. l-el-o] o>ol(6)l- ^A^«}-fe 21- ^2,2] ^-^"^ ^]^<^ ^^S) 

^ ^-a: ^}^:iL, .^1- 3l'^>2l-^ ^l^-i: Cl-^- ^-S-* ol-§-« ^ Sl^l-. 
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-g-^ ^£ Slcl-. nStD. ^ ^'^^flAi cl^^ ^ oj^ ^;^].cii ^'Hltb ^^1^ ^1 5.850,300 



«^]-<^lS ^£ 7>^«>tq.. P>ol3.S. <i>«^1fe. «>i2l- ^o], :f-:f.2).A^ 7l:g-«il) ofl^ i^- 

ig<Hl ^^s^ €2^^* °flS.^i ^'S-^S. t^mt!: ^<^]i4. 4t^^ ^€ 'a-a- ^"=11 i^'=>] 



(-a^H 2) 

<^ 2fe ^Alcm ^A>^ ^J^l-?}-, "13^ (3)^ § ^^(7) A>olsl ^A^. l^E^-o] o>c.l ^2.(8) tfl^^^l ">°1 

^ 3.^ ^*17> 4^ 31^4: n^S.^ ^^^o] Sic)-. 



€^H1 2<HlAi^, o.^«-Bl A].*^ 712] sg*J«]: 1^ ^l>i^ifflcl(2) ^ n]BU3)» T^^A-^ 4^- 3,t^^ 

n (^2l-S:J:2l(Fraunhofer) <^^)'=>il Si<H-*i 4^ ^^S] ^ 7j-£ ^^S^l-fe 71^-1- 4-^ 3E: 



S.Al«i|-^1 ^•§-)'S-6(l :^:^]^t>] Sltl-. 7l:*ofl^ t^^ ^^sl 4^ ^t-^-g-fil 4ix.>(lla). 

7>^«>7fl ^A^Sl'H 91^. 
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i^"^ ^S.f'^l ^^1 ^^^4^ Sic}-. El^ 7l^fi} S1^(t4o>7M^ Sl^a ^nd^7\(lla., llb^ 11c) A>clS^ :^ 

,i].i^37, ^411. ^^]s:\ ^^o]^ tij-^ofl s)^ ^s^^;^>(lla, lib ^ lie) €*a«- t^S- Sl^^F- 

^ ^-a- ^«hai^>(lla)» 71^ ^^-Br ^}3.^ €2^(€efl<^l %S}-?i1) (12) -HI 'U^'-V^^. ^}^^ 

5ai2:(12)^^ SJ:#2i^ ^«h4i^>(lla)Sl ^*17>71S^ "a^l^V^-SE^^^^a.^ ^^l^f S.^f' 

^1^ €^1^ i°1l>H '^V'^la.s. l-ef<»l oM(6)7l- -a:*lS|<H safe -91*1^ tfl-§-«1-3. sacf. 



nl-el-Al. di^>(lla)°ll 'U^}'^ 7]^ o>5L^ €^(12)5q ■S^^'S^ll 4^ ^^^-^l 

TlS^ig^Sl. ^^AS. <^>i£^ ^2^(12)S.-^E1 AV-t^cf. a, t.>i^ ^2.(12) ^2.^(12a)3|- 

^2:S(12b) ^Sf^-Hlfe ^'^i^S €^ 5S^1€-(14). A 1 Vl- e^Al^(i5). ^:^]2V^ 



''l-^L^ 5613(12)4 7l?l a at # 5ai2.(^Bll ^«5-3^1)(7)« ^^7lS.AlSl n>o]3S. 

<^V'^l(8a)'=fl "y^l-^cl- o ^^Ifi-. -f-'g PLSl -S-^SI 37l(a)Jg)» RIS. PL^I 

^^a^fe Sfe ^« ^J-^ H7](2q^)# R2S. *>:a, Jf-<§ PLfil n>:i3(e)lH}#) M^S] 7ll^^» NA 

oS. ^Jl. i']->i3(^lEl#) M-ir S'gsm ^^^121 7ll^^» NAie^-Jl * °fl. o = NAi/NAo = R2/RlS.Ai ^fi} 
^c}-. ^. jielttl ;g-f, R2fe ^«?-7}l PL^I ^^^sjfe ^^^^ afe 31^^ 

^■S -S-Sl fil-?- ^^o]^. NAife S-S ^«?-7il^ ^>as)fe ^«il^lfe 711^^ 

^ic}-. m^. 4^ -^s] tl-q- ^-gsl R2fe PLS} ^^-^ ^^^slfe tq-^ ^^^-^^ ^i'^ Sfe c}- 

# ^^3} -a-oii si^s>fe 371 afe 2i;g<iH, NAife ^^i^fe ^-s-si 

*fl ^q^Sl-fe €^ 371 ^«l|:^lfe 7l|^^t)lc|-. at!-. Jielnl ^I'SSl ^l-f . Jielnl«m. Jislx^ 

si ^i^g ^^Sl <i\^ Ro, jI2lxr| ^g-S-Sl tfl^ 3l:g4- Riel-3L ^ nfl. Ri/RoS. 'gsl^r}-. 



4i^^(i3)si .91*1^ # €2^(7)31 ^^1 «fl^l2lS. o><*l2.5. *2l-ol «>ol(8a)Sl -^AV^^ # ^ 

2:(7)S1 -$1*1 ewj-*^ tifl*l^<^ Si^l-. tt]-?^ ^Sl-^. ^ ^2:(7)fe d;^^(13)^ ^\o]3.^ <='V<>1 (8a) 

Si 114^* >a^^^S. ^Bl<fl ^^31 ^ftTflS. Ul)^l*>ul. u|-6l-7M^ o>i£^ ?!I2:(12)51 ^^^^ *2l-«»l of 

*l(8a)^ "a^^V^^ ^S^^l^a TlSl ^^^S. all^l*>ji 51^1-. n}.s).A^, lofl ol«>lAiSl l-2l-o] o^ol ^2: (8)^1- tj> 

^7^51 71^-i: :5J^ o>ol3^ #s}.ol o>ol(8a)Sl -gAV^-^Vofl^, ofi^ €2(12)^1 ^^^3}. x'l-^7MS.. *^ 
AX-ifl if|«l-<*l ^'a^ 47l|fil 2:6>S. ol^o^;^!^ 4^ a^-^)* ^Aj^tl-. <^7^^^, 4^ ^'S'Sl 2:0>» ^^«1-fe 

A ^^^^ ^t)- ^7\{l\a)S\ ^A^^ ^^Sl-^m, ^7lAi^ 47flSl ^ ^>y-o^ 2:^.>S. -^l^^^^lfe 4^ ^^1" 

2\ ^<^\7\ ^^S}^ ^ o.^ ^tf. ol 4^ ^^Vsl :asil § iffla(7)3l 2:^ 7l2lofl fil^SH ^VA>al o.^. 



P>6laS. 1-el-ol o>ol(8a)» ^Ajs].^ Zl- ^1^ 5^2:^ "1-^3 M-a-'KlAi ^aJSB*^ « ^i-^l^^l ^ (i46l.7>A-l ^ ^t>\^ 
W^l-oflAl ^A^sflo> ^ cgc^o\ ^^V)3). ^A>o] ZjAl-Zl-^ ^^^"^ '^V'^lSS. ^Bl-'il ^H(8a)<^ -yA} 

#2l-'*l ^}^] (8a)S.fil -yAV ^laflAi ^AjS)fe 2:6>^ TlSl f-^^ ^ ^2E1- ^Jfe 2^} ^ 

AX«>11 tn3|.<sl ^>a^ 47fl3l ^ ^^fil ^ <>l^«H>il^ 4^ ^^fil 2S> ^€<»1 ^'^J^cl-. 
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^t^. v}^3. MS\ sH^-t ^3^^ PL* ^flols) W^Hl n>i3 ^-y^cl-. ¥^ 

PLSl -^JAV :^:§-^0l]^ %^^] PLS^ 7B^^-1- ^^t}7] ^^7}^ 7^^ 3i^7)\7} ^m^JL. ^] 7>S 7fl^ 



£ 11^ ^-^l-^ 2^1 Sio1><-i <*>3.^ ^^^3)- #1^ ^2:5 /.>olsl ^S^ofl BJl^]^ 371131 «flAl^;^](<sls>, 

^2.(12)51 «2:^(12a)4 ^S5(12b) A>6lSl ^^■^^S.-^E^ ^'^iflS €^ «5!'»>1^(14). 

^1 1 V# ^Al^(i5) 2 V-i- ^Al^(i6)ol ufl^lsjol $X^. 

^^t}7\] ^ 7^] 1 -¥-^11 (14a) 5+. c>^3.^«.S. ^^Tfl ^-e^^S 1-^ ^^31 ^ 

^*>7ll t!- ^1 2 =el# -¥-^11 (14b) ^ ^^i^o] 51 cl-. ^e1:ii. >ll l -¥-^11 (14a) ^ ^-S-s] 5^ 

1 (14a) ^ >ll 2 iell' ^;c11(14b)^ ^l-HS. ^^^1 ■^^7> AX* n^-e}- 7l-^3>7fl 

iEl^l. 1 ^;^(14a)Sl i>.^ €^ ^-S-iq 2 =el# Y^(14b)Sl -i:^ ^-S"^ S^^^l :?>:^ 

(28a)'fl s\n ^n^^. 



<^7lA^, ^] 1 He]^ ^7l](14a)Sl €^ ^^^4 2 ^7fl(14b)Sl -g^ ^^S. 

Slfe ^HJl^HlA-1^, onAl^(14)^ 3|sj 7l^Hl-ol. «iA^5)^ 4^ ^^S) 2:^> ^€"=^1 ''1*1^ 

Sl^. ^BlM-. ^ 1 H2l^^;^1|(14a)^ il^ -S^ 2 =e|# (14b)Sl # 

"l^-^lT-m. -S^ •^Als(i4)^^ BJ ^i3at:-]S.Al 7l^^tl-. «^ ^'«-l*(14)Sl 

irhe)- ih^^(13)^^3l <^^X\. %^s\ z^-sfe ^^^cl-. 



^1 1 '5Sa1§(15)^ 5g^* ^3:>7fl si- JO. atb ^V^H-^^S. ^^o]3l V:^} ^4^^ 

§*>711 ^^12 -¥-^fl(15b)S. ^^j5l<H ^^1-. ^1 1 Hel# ^^ll(15a)Sl ^^1- ^^S^^ 27l]Sl s^i^ 

^S. ^A^SlJl. =1 53lS>Ai-Sr Z ««}-^*- ^^Sl<H o^c^, 2 Sel# -^-^JKlSb)^ 1-^ -g^^-a- ^1 1 =b1# 
^;t11(15a)fi1 ig-S- ^^S. 7>^«1-S--^. «>1^ ^1 1 (15a) 2] §^^2)- ^ 

^^^^ m. 



^, 2 ^7^il5b)^ ^^ ^^^5. 27llfil ^iig^S. ^^^sIjO.. n i5I^>Ai^ Z 'S-^* ni)-H^ <?a^^<H Si 

T^. a^, ;H1 1 Sel# -?-^fl(15a) ^ ^] 2 5.e|^ ^7|l(l5b)^ 2l<H£. ^^©l AX* n^-Hl- o]^ 7}^^}7^ 
31. 1 =21^ -^7l|(15a)31 ^-S^ ^^^^l- ^ 2 =21^ Y^ll(15b)S1 -1"^ ^^^^ 7}^^S. =f-^i 

SI<H Siq^. ^1 1 «!}Al^(i5)^ ^Sl-fe ;«l|o1?fl(21)S-9-Elsl =7]^<^ ^^7fl(28b)^ 
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^«1-711 ^ ^ 1 ^^11 (I6a)iq-. t'Vi^^^s. ^sFtII SI-jI St!- ^-S^^s 1-^ v^> ^-S-s^ ^ 

^^^n ;H] 2 ^7i](16b)5. ^^^^^ Sli^. 1 (16a)S^ i-=- ^^^-Sr 27^ 

-?-^fl(16a)Sl ^^^^^^^sf-^T-^^^o.S.ig^^SlcH ^cl-. 2^. 2 =Bl (16b) ^1 Ir^ ^-S" #^^5. 27llSl 



£ 12^ ^A]6il 4^ Sa^^H ^^^El^ 2^1- ^^^1 tfl^ €^ 2}-§-# ^"3*1-^ £^<^]c1-. ^^Hl 

2S1 4^ ^^'g^A^^ e«Al^(14)Sl ?}-:^* 0*.S.-¥-El ?t57Ml ^tflA]?!^ ^J^fl S^Sfl. 4^ ^^^-^l 2^> 

4- ^^*>^ € ^-S-Sl z]- ^ ^•S(40a~40d)*l AX» ^ ^J^S 'S"^^ xi^-a}- b>^^6.s *1-§-«1-j1. 

ZL % ^^^A. ^, % ^^^^ z)- ^ %€(40a-40d)^ 

^si- E}-a ^-s-si A ^ ^-s(4ia~4id)si ^«s>fe -a^^ Ax# ^-a^^ oi-^ t^si 

^ €4^ e!|^lS(l4)sl ^A'^ 



^S}- -Q ^'S-Sl 2}- ^ ^^(40a~40d)* AXS^E| <4^1i- AXS-^B] z^- ^ ^€(40a~4 

0)AS.S1 ^ ^^61 fl^fe H^-S ^^J-Sl 21- ^ :g-^(41a~41d)* AXS.-?-El Z]- 

-i-^s:}!:!-. ziel:a. -S ^-y-s] z^- ^ ^-S(40a~40d)Sl ^7^^ ^-^-^ ^ ^ ^^(41a 

-41d)Sl AX» tb al:^ ig-^ofl 3|;g6l -f-f-syi:!-. a, e^-^ z?" ^ ^€ 

(41a~41d)Sl AX» f^-a AS €^ 1-511 ?1 3.7lfe A ^ ^€(40a 

~40d)£] 3)^21- cnAie(i4)Sl ^$t!:4. 



^-^J-sl 2^> 47flal El-^ ^-a-sl ^ 4^ ^^sl 2*> AS ^^^l--^. 2^> ^€ 
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4^ § €S(7)Sl y\^y\ ^^Sie. 4711S1 ^ ^^>S1 ^ ^-^(423-42(1)^3. ^-^^^ 4^ ^^^-^^ 

2*> ^-S-^l ^l-'^V^-e.S. ^^€^1-. ^. 4^ ^-a-^ 2*> € ^-S-^ 2}- -a :a-^(42a~42d) 



^^^^A-^ ^^(42a-42d)Sl f^^J^^l- ^:S|-^21 2^- ^ (43a-43d)fi1 ^^SV^ -id^-g: 

4 ^ %-S(42a-42d)* AXS.-^t| -^^l-^tlr z^-:^^}.. ^ ^€(43a-43d)# AXS^El "ll^^ 



5E. 14^ ^'^Hl 2S1 4^ i-^-H] Sl<H^-1 ^^^i^fe 2^]- ^^^1 ^% A 1 e^^l^ ^ 2 ^^l^fi] 3}-g-^ ^ig 

^^olc}-. ^ 1 v-i^ ^Al3.(i5)s^ ^31-<H] n^-el- 4i^^(13)-^S.2l °a>^> ^'k^ Z 4# "a^*-} 

^ ^^eV^l Si^:^!^. (13)^2.^21 ^^^\ ^^2^ X «^^<=fl ttf-^ A'^^ ^^^A. ^ S. 14^ (a)'Hl £ 

«>^^«»1. 47fl2l € ^-S-Sl n| ^.S(44a~44d)^ Z «<J-«^.5.5.fe Sf^l^. ^ ^-y- ^ 37l«- 

^llS. X IJ-^^^S. ol^^T^. ^. ^1 1 ^^1^(15)21 Ojos.^^ a^VJ^l ^iflsl^..^ ^€(44b ^ 4 

4c) ^ -X <il-S-3l-:iI. ^ ^■?l(44a ^ 44d)-ar +X 'S'^.^S. 



^1 2 V-i^ ^^1^(16)2^ :^^S\ ^^<H1 nl-B}- (13) AS.21 ^A> X t^-^ zl-3E.fe- ^^S] 

^^1 ^^1^, 4i^^(13)-^S.2l -a^V ^^21 Z 'S-^'^ ■a^^V ztSfe ^^^1^. ^ ^ 142^ (b)<^l E-Als]-^ H> 
^ :^cl, 47fl2] ^ ^^1-2^ :t^(44a~44d)-ar X iJ-^.^s.^ <^1*«1-:^1 ^^1^. :i ^^1" 5 3.7]% j^^]^ ;5fl z «o>^ 

<>]^^^. ^. :A 2 V# enAl^(i6)2l O^S.^^ 4i^2l i)-y;}y^] ^cfls)^. ^ ^^(44a ^ 44b)* +Z 

'S-^e^ ^ ^€(44c ^ 44d)* -Z fJ-^.^.S. 



a, ^1 1 V* ^Al^(i5)2l :^^^A2 ^Als(i6)Sl 2.^ ^I'g ^ (13)^S.2] ^A> X 

»S-^<=>11 "4^ ^ Z n^^- z^SE.^ 3.^ ^n^^. =1 £. 142^ {c)^] S,^]^^ ^^o], A 

^ ^€(44a~44d)* ^ ^^o^ ^ 3711- -fi-^ltt ^11 Z 'S"^ ^ X 'S-^.^.S -^l^^i:!-. ^. >ll 1 Vf^ ^^1^(15)21 :(m 
^ ^1 2 5aA]^(i6)2l 3,^ O^S.^^ 4x^2^ ^77}:^] ^t^^'^, ^ %€(44a)* +Z l}"^ ^ +X 'S'^^ 

S ol-i^SVi. ^ ^-^(44b)* +Z «J-* ^ -X <»l-i-«l-:ii. ^ ^-S(44c)-ar -Z ^ -X W^S. 

1^, ^ ^^(44d)-a: -Z 'S-^ ^ +X 1}^^^ *l*^cl-. 



6l>a-3}- ^>«.1^(14)^: ^^^^ -f-^ (I'M 33. ^el-o] <s><»l(8a)2l 2:^^)<fl^l2l 2:'3^2l uIhI 

olHl* 7>^6;S. J12^n)Hl 7]-^ ^^^*>3. Xicf. # ^2:(7)fe 2:^ ^«?-7}l2l ^^oj|A^2l ^2] 37l» 

^ AX-i- A>olo{| .^ji cfl^ 3:^%* ^^Al^m ^1 1 ^-91 t"^* ^^-^^S]-:;! Sl^-. ^1 2 Vl- ^a1^(16)* 
^^TflSl -i-^ofl Z 'S-^^ 4-21- AX* AHofl ^Jl tfl^ 6.^ 2:^^* ^^^l^lfe ^1 2 ^-^J 

*l-2. 514. zisIjI, -S^ ^Al§(i4). >il 1 -aSAl^dS), 2 ^^^^I^/IG) ^ # ^3(7)^ ^n^S] ^ 
^oflAiSl ai'S^Sl 3.7] ^ n^^^ 7>^ 6.3. *>fe 7>€ ^A^«^2. 514. 
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o1 S.^ ^Efl^l^i. ^1 1 V* ?^A1^(15)S1 7d^■%r O^S.^^ ^tflA]?!^, ^ %-^(45a)^ ^ ^^J" ^ 

371* ^^11 X ol^«^|-o^. -?-:£(45b)S. ^^^^ ^^Hl cf^^'fl. ^1 2 V# 

6)S1 ?>:^^ O^S-?-El di^^ U^}^] ^ifl^l?!^, ^ ^€(45b)^ =L ^ 37l» ^fl Z f}"^* n^^l- 



?ii ^tfl^ji, St!- AX* ^^^s. -^^ nj-** ^m^^s. -ii^^M. ^^(45d)^ 



El 4i^5l St^M ^tflAl?lcl2l-£. ^ ^-^(453)^ 3. ^ 37l» -^^m 511 -?-Jl(45c)S. ^Bl-tfl^ #1^H 
S^^cl-. c>;|]:7HS.. ^ ^-^^ ^1^1. ^ 3^1^ «!|a1^(i4), ^ i ^^1^(15) 



'^I^Tll «IiAi. €^ ^Al^(i4). ;^1 1 ^Al^(i5). 2 «!!a1^(16) ^ # €S(7)Sl 3l-g-ofl ^Sfl, 4^ 

3] 2j^> ^-iJ^ ^^«>^ ^ ^ ^'^^'=11 «i*Ai^ ^ siji. ^>a- ^ H7i# ifc^i^i i3^<ifl 

^S^Al^ ^ olcl-. -a^lS-fe ^Al^(14)oli4 :4 1 V* ^Al^(i5)6li4 ^1 2 ^Al^(i6)oll 31 



^2flAi, ^Aloj] 2'HlAlfe 4^ ^I'g-g-Sl 4iA>(lla)S.A-l, S-a^oI 3 ^^^1 Sl^ 4i^>» Si 

cl-. S. 16^ ^aH 2-^ Sl'H'H ^^^l 3 ^^31 4^ ab'g-§- 4i/^>* TI^a^ ^^Hlfe zl" ^ ^€ 3. 

^ ^^3] 2^1- ^A^«>fe 471131 ^ ^Aj-sl ^ ^146} ^ :f ^(46)«^1 Sii^. 



^Alofl 2'>flAife, ;*il ISl 4^- S^-§- 4iaH1 2l«fl, 471131 ^ ^^^^ ^^^V'^ ^^^5)^ A>zl-^ol X 

7>*J1 ^ 4A>zl-^ AS. Slfe 4^ ^^a-Sl 2^> ^-e. £ 14fil (a)2l u|-El-vflfe ti>3l. 4^- ^ 

-8-31 2S> ^-S^l :^ 131 4^ S^-g- ^«}- iA># Tl^Ai ^A^^ 4^ ^'S-fil 2^> ^^J^^ 4711 

31 ^ ^^S1 ^ ^^f- sl-^-?! ^ ^■^(46a)-e- ^1 1 ^Al^(i5) ;*ll 2 «nAla(i6)3l zh-g-ofl 3l*ll. 
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4 2^ 4^ 3^^^ ^«fl. 47fl^ ^ ^-Sfil ^'^^^ ^>z?-^«l Z 'S-^* t4 

231 4^ S'i-g- ^Sl- ii;><.>* tI^a^ 4^ 2^> ^-S* ^^J^Vfe 47flfil ^ ^^S" 

Si ^ ^VM-?1 ^ ^-S(46b)-Sr 1 ^'^l^dS) ^ 2 ^^1^(16)^1 3h-§-<Hl slsfl, %2: ^Ji(47b) 



^1 3^ 4^ ^^-g- ^«1- ^^Hl Sitfl. 4711S1 ^ ^^«|-^ ^^^Sl^ ^^^°] ^»^^±S. 

4^ 2^} ^ :£ 14S1 (c)Sl ^^(S^ 5. 14:21 (a)-(c)Sl ^#)ofl v+Ej-ifl^ B>5q- 4^ 

Z7\ ^€<>1 ^^J^cf. ^1 3^ 4^ Si'S-S- ^«1- ±.7\% 4^ ^^^1 2^ ^s^^ 47l|Sl ^ 

^ ^^f' ^ ^€(46c)^ 1 Vl^ ^>^m(15) m ;^ 2 «iAl^(16)Sl 3h-g-«»ll sl«ll. ^2: 

47c)S. H-El-ifl^ 3lA>zl-^ ^^51 ^^vflofl>^ <^l*^t:1-. 



^ ±.A% "i-S-^l-fe sl«fl. AX» f^^a^s «m ai2l ^^J-sl $l<H-^i A ^ 

^^AS. s>fe -^^ jiei ^>y-si ^^ofl $i<H-H ^1- ^ ^^\, ^-S- ^ B.7\% i'S"*!-^ -S-Bfls. ^ 



Sicf. £ 17 ^ i 18^ ^aH] 2S1 ^^<^1 l'=il Si<>i'^i ^^^-^l 4 4^ ^I'g-g- ^«}- dii^>» 71 

^^=1^ A « ^ ^ -^l^ ^ '^'9^^ s.^<»l^. £. 17 s. I86fl s. 15 £ 

1631- T.>?!-7>:^1S., ^J-Efl^Ai ^^5|^ 7>=3- 4^ ^-S-^^l 2x> ^^-l- ^^^fe 4711^ « ^ ^ 



-M'^l'^l 2Sl l°flAlfe. S. 17 ^ £ 18<^1 i^l^Vfe al-sl- §<sl, AX» ^'^^^ tb X^^ll ^^t!r « 

z^^ ig^g^ ^^^s. fl-'isi^ %^ 1/4 '3^<»i Ax» ■i■5!^*>^ 37flsi -a-s-*^ si^-^i 47flsi 

^^S]:il, 4 ^^S] 4^ S^-S- ^«l-4i^>«Hl AA ^^^S]^ ^^^^ A "^ ^^(48a-48d)^ ^-^^1 A 

^^1*>£^ ^. ^1 1 ^ ^-€(483)01 ^^jslui. ;H1 2 ^ 

^ iLA'^ ^ ^€(48b)<»l ^-^=131. A 3 i^A'^ ^ ^-fi(48c)*l ^^gS]^. A 4 4:^> 

ofl ^ ^€(48d)*l ^'ysis.^ ^^A<^ Sli^. 



<*1«|-. •M'^* ^Sfl. %5\ 1/4 -^^o] 4711S1 :^^fl^ ^^«-sl:iL, ^l" ^ ^€(48a-48d)'=>1 ^iS. 

AX» tb -i-j^l n^al- «ll^lSl<H ^fe ^cf. °1 €^ ^^1^(14)21 ^ 

O^S-^Bl ±}%^ at^V^l ^tflAl?]^. s. I7«ifl «>«il- 21- ^ :^^(48a-48d)-g- n ^-S"*] € ^-S" 

^tfl^ El-€ ^-a-.^S. ^^Sl31 ^21 f^/y ^^17> AX» ^^^S. ^ -^21 A^ ^^-i- «>1-^^ 
AA ■¥-:£(49a~49d)S. M-El-tfl^ 3E.^tbT^. 
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(48a~48d)^ n ^^V-i- -fi-^^m- ^fl ^cfls) JT, atb ^^]7> AX« ^^^S. ^1^ «c^^# i4 

ofl^H^. ^^01 4 4^ ai^g-g- ifc;i>-l- f-S-^^ Sl«fl. AX* 



^SE, 5. 17 ^ JE IS'^H'H^ ^ ^ ^^(48a~48d)«>l ^iS. «l|Sl^JL SZ^l^. z]" ^ ^■fi(48a-48d) *1 ^S. 

^^4: ^SS. aflxl^ $X^. o]xi]^ --^ Al^(i4). ^] 1 ^^1^(15), ^1 2 «!iAl^(l6) ^ 

# ^^(7)^ ^•%-<^ AX» ^^^S 3.e| ^^VSl <^^oi] 5iolAi z}- ^ .:^:SS1 ^^1, '^-a- ^ 3 



^Alc|l 2fi^ ^^<i 2°1lAi^. 4^ i'g-S- 471)51 ^ "i^^sM ^-^J=lfe 

Am^"^! X «o>*J=* nl-el- 7>^J1 ^ ^AVz]-^ o.^ £1^ 4^ ^^l-5l 2^> %^<^] ^^^€^1-. ^^^1 4^ S^g-g- %«1- 

Tl^^i ^A^^ 4^ ^^51 2^> ^-e* T^A^«1-^ 47BS1 ^ ^^>sl ^ Sj-i+ol ^ ^^(51a) (£. 1651 (4 

6a)'Hl cfl-§-)^. ^] I V# ^^1^(15) ^ ;H1 2 V-S^ ^>»-l^(16)^ ^-8-«fl ^2: -?-:£(52a)S. t+El-iflfe 



at!-. i^#^5l 4^ Si'g-i- diy^}'^ 51S(|, 471151 ^ %-fi5l ^-^^^ '^^^'^ n^^^ A>Z}-^6l Z «J-§^ 

til-Bl- 71-tal ^ 2lA>Zl-^ H)^ 4^ ^^sl 2^> l^^^fil 4^ 2:^-g- 4i:^># Tl^A^ ^ 

4^- ^-^1-51 2^} ^^-i- 47fl5l ^ ^AiV5l ^ *>i+?l ^ ^^(51b) (:£ 1651 ^S. (46b)olI 

cfl-i-)^ >il 1 V* «!lAi^(i5) S ;«ll 2 vl- ^Ai§(i6)5i a)-g-ofl ^:S:(52b)s ^^l-ifl^ ^a>21-^ ^-y-si 



Hft. ^^51 4^- 3:'S-8- 4i^t>^^ ;«11 2 ^A1^(16)S1 ^^ofl 5l«fl. afe t^^^sl 4^ 2:'3-8- 

^1 1 ?SAls(i5)£q 5lt(), ^71^01 ^ ^^(SlaSl- 51b)5l ^^Hl ^ ^€(51c)<=l 

€^1-. <^1 S ^€(51c)'Hl Cflsl-*^ ^ iaS(7)5l ^Bfl 71^* 3l-§-Al?lfe 5l<H] 51*11. ^ %€(51c)^ n ^-S- 

^ -ff^l^ ^11 ^iflsl J7, zisn ^;sl7}- AX* "f-a^S. ^ €^ "S-^^ hV^^^S. «»1^^^, 
%2l ■^J:(51d)S. q-Bl-vflfe S^^cf. 



5^, SAll- Aj^^^l-jV, ^ :g-e(51c)^ €^ ^-5|Al^(14)# ^l-g-Al^l^ ^Jofl o^«|], ^ :^:g(5ic)^ ^ « ^ 

Aj-*i ^cfl^ E}.^ ^^^s. ^ns\jL. atl- f'-a 4^^i7> Ax» ^•ti €^1 «j-ti=^ n^-ei- «i-i-^*. 

S. ol^^Vcf. ol^Tfl «flAl, -a^H 251 2«^Ai:& ^>aol c}.^ 2 *fl-5l 4^ Si^S-S- Sl^ ^^^V* *S-§-«1-^ 

5J°fl Sl«ll. AX» ^^^S. ^^>5l Zl- ig ^^1^ ^f-^1-711 Ol-^AI^ ^ SiCl-. 

S£^. O-S-fe -S^ eSAl^(14), ^ill 1 ^Al^(i5), ;^1 2 V-i^ «^a1^(i6) ^ 1^ €^(7)51 ^l-g-^fl 5l«ll. ^ 
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^ AX» O-S. -f-e 3LB\ ^^Si\ ojo^Ai ^ ^ ^€^1 ^^1, ^ 3.7]^ ^ns. 



^ofl ^<H;^]^ 3.H;al ^I'gojl tfl^c.^ :?}^^ ^^^^i^. 4;^>(llb)ofl -y^l-^ Tl^l ^gaj?!: 

AX* f-^^S ^ Jie]irl ^^Vs] 2:<s>* :i D>ol5LS. ^S^^] o}o](Sa)^ a^^ofl^ nsl <a/<.> 



£ 20€: ^^Hl 2^1 31Hlll| $i<^A^ ^^J^lfe 2*> ^€°fl tfl* €^ ^^l^S] 3h-g-# -S^^Vfe S^^lcf. ^^1 

<^ 2S] Si^'^^^^. 2)-^ ^^'■^ 2S> ^€(60a)ol ^a1^(14)S1 

-i- o^S-^Bl ^jt^'V^l ^cfl^l?!^ aisfl. n ^(sl-?- 3i;g2). ifl-?. :a>si 1/2 : s.^'^ sa*!'*! 

^}'?\ ^«>^, ^-^J-sl 2S> oflAi^(l4)fil 3)-g-oii 31*11, n s-o] ^ji m jie)ii|u1 ;a7l 



s. 21^ ^Ai^fl 2^ 3.2ini i'g^ sa«H^i ^'^^fe 2^> tfl^ # 5ffl2^^ 3^-§"i■ s-^oiT^. -a^-H 2 

fil alSlnl 2:^<H1A1^. 2§ 4l-^°1lAi ^AJ€ 3ie|n:l 2S> ^€ (60a) <>1 # ^3(7)^1 2:^ Tl^l* ^^iSt^S.^ 

4i:=gfi1 ^tf)Al7]fe 7iJ<>Jl Si\^, Zl ^aJl ^^a-o] -^T-A].:^ ^cfl^ JLejn:} ^^o^ 2S> ^€(60c)^S. 



3E. 22^ ^AHl 2S1 Jislnl ^o^a^ ^^^5]^ 2%} ^^'^ tfl^ ^] 1 Vl^ ^^1^ ^ »l 2 ^^l^-S] ^-§-^ 

^'Ssfe £^«»lcl-. H>sl- ^<»1, ^] 1 ei»Al^(i5)sl :^^s\ ^^oj] 421-, ^ (13) ^s:^! :^^oi 2 

31-. £ 2231 (a)<Hl 5.Al«>^ n}Si\- :a-ol, :iielirl ^^y-sl 2^> ^€(60a)l- ^^^^^ 47flSl iM^l ^^^"^ ^l" ^ ^ 
€(61-64)^ Z ^S-^^S^ #^1^ X «J-^o.^ <^l*t!:'^. ^. ^1 1 Vl^ enAl^(i5)sl ^>^ol o^S.-^e1 

St^S. ^cfl2£)^, ^ ^^(61 ^ 63)'& -X W^S. «»l^«l-5l, ^ ^€(62 ^ 64)^ +X ^l^^tj-. 



tl-«. ^ 2 V-i^ d}Al^(i6)fil :?V:^S1 xq-3f, ^=3^(13)^3.31 <aAl- :t^3l x «J-^«Hl n^-^ <aAl. 2l-5L^ 

7.] ej^m. 4i^^(13).2.SSl :^^si z 'S-^'fl iq-^ <aA> ^^^4. ^jq-. :£ 22^1 (b)<Hl SAl«>^ mV 

31- ^'^l, ^ ^€(61~64)-8r X ^]^^}7] Z '^l^tt'^. ^, 2 oflAls(i6)sl ^ 

:^«»1 0.e-S.^El 41^31 St-S-S. ^i:fli|^, ^ ^€(61 1J 62)^ +Z fJ-^&AS <»l^«|-:a, ^ ^^(63 ^ 64)^ -Z ^S" 



a^. ^1 1 V-i^ ?!«Al$(i5)sl ^^ 5 ^1 2 Vl^ eflAi^(16)3l ^t^^ol S.^ ^Sj-sl^. 4i^^(l3)^S.sl <gA> ^^^ai 
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*J= ^ +X »fj-^^^ ^ ^€(63)^ -Z 'S-^ ^ -X ol^^l-B^. ^ :g-S(64)'g: -Z W ^ +X U" 

^^S. ol^^^cf. ol^>f| sflAl. 47flSl s.^^ ^s. ^^£\ ^ ^-a^-S <»l^«»1^m 4^ 2S> ^ 



(7)5^ 3}-§-* 711^21 ^^51^1^. -¥-^1131 ^S. 3f-§-<^ si«f| cl-'*^ litflfil jieln? sig.*! 7>^3l-cf. ^ 

jSll^AS.^. £ 22^1 (c)°fl M-Bl-vfl^ ^VEflofl # ^a(7)l- «=^1» *^ ^ ^€(62)^ AX» 

^^AS «!: >fj-^^ ^ ^'■^V^^^S ^ ^€(62a)^S. ^^t!"^. 

22S1 (c)<Hl M-Hl-Lfl^ ^VEflofl o;iolAi. «SAle(14)^ 2h-g-^l^l^. -^1* *^ ^ ^€(64)^ AX* 
S. ^ €^ f}-^* *1-S-«1-Ji. ^^^^ ^l^fe ^ 



:3.elT4. -S^^l^sl ^m<^ ^«B. -S^ ^^m(l4)<^l si?!: Ji5liil«lsi SH:]-. :3.2flAi, 

^, ^^'•I'i 2o11'H^ ^^Sl 3i^^ 4i^Hl S^Sfl, c^* s.^ 0.5~0.68S] •S^^flAi jlElnjHm ^^«> 

<^1» *'a 0.68-0.8^ •a^'^fl^i JLE^nlal* ^^*>^cfl 3l%t!: ^-^i ^fe ^asli^l ^-^-21 2^} ^^-fr ^'^tbcf. n 
2 ^^S] uielnl ^i^i-g- rfc^V^l *i-S-«fl Sj^. O.S-O.S^sl •a^'Kl-H 3ielnl«l# ^<»1 7>^*ll 



S. 23^1 (a)» ^S^l-^. S. 2ZS] (a) (h)^ -f ^<H^1^ 2^ ^-^^^1 2S> ^-a^fl ^l^^fe ^(^ 

=1 S'g-S- ^« ^^]-» -?-^*>:i£ $X^. 3 Jiel«l ^"S-S- Sl^ ^«}- 4x^1-^. 23^1 (b)<^ :£a15>^ a>sq. :y^oi. 
AXl- ^-a-^-S. ^ 27flSl ^ofl S1«(|^ fl-^S)^ uielnl 2^> oW2l-. X 'S"^ £^ Z 'S"*^ 



fil ^ ^€(65aSf 65b)^^ ^ ^€(65a ^ 65b)S] ^1-^ 1 «^a1^(15) Sfe ^1 

trl-el-A-1. 2S\ ^^<^ 3'm^ife. ^il 1 ^^1^(15) 2 ^Als(i6)o^ ^J^^ '=^<^A^ 2^ 

2:*> ^^<H1 Sl<H>>-i, 2^ ^-^sl 2:*> ^^«>^ ^:5L ^^S-s^ A ^ ^^(65a ^ 65b)al 



5£. 4^ S]^ 4i^>(lla) ^ISltt) ^xg-g-S^ Sj^g ^«?- i^^XUb) x^^<^ €^ ^^'S-g-fil 

dt^dlc)* S'S ^S.^<H1 ^^th.e.S.'i*! "g-H^lfe 2:^<H1 cflsl-.:^ 'i'gttcl-. o\ 

t!- ^^^^ il<H <^>iS ^S(12)^-¥-Hl a>#^t:1-. 



- 24 - 



^7l]^«1 ^2002-0042462 



A> ^^ofl s^gflAi ^A^Slfe 2:<^>«2l- /HSl ^<^tt % 2S> ^ AX» ^^^^ € ^-S-^ 

242^ (a)'Hi £Ai«>^ HVfif :^oi, ^ ^^g-fi^ 2s> ^^^^^ 47flsi iM^i ^ ^-^1-3; ^ ^^ceea-eecDf^, ^ ^ 

€(66a ?J 66c)* -X «>1**1-J1. ^ ^€(66b ^ 66d)fe +X ©l^^^. 



(66a 66b)-& +Z 'S'^^S ^ ^€(66c ^ 66d)'ar -Z^^^S. o]^^t^, m, :^ I ^^^{15)^ 

^ ^€(66a)* +Z 1}-^ ^ -X ^j-^^^ <»l*s>Jl. ^ ^^(66b)* +Z "S"^ ^ +X IJ-^^S ^l**!-:!. ^ ^€(6 
6c)* -Z 13-^ ^ -X <^1*sH. ^ ^€(66d)* -Z »S-^ ^ +X 'S-^^S. ^l-^^t^.. ol^Tll «flAi. 47flSl 



ol'S". 'a'««l<fl 2^ €^ S:'^*^ Sl'H'H^ ^1 1 «!!Al^(i5), ;«(| 2 e5!Al^(16) ^ # ^2:(7)^ 7^2^ 

^l^vo^ ;(|]o^oii # ^2:(7)«H1 ^nfl ig^oflfe ;^l^ol ojc^.. neflA^. ^X\<^ 2'^l'<ife -^^ a^-§- 

<q ^« W 4i>^>(llc)SA^. t»-€- 2 ^Hm^L slcl-. 



o S^El Tfl a ^'Wfil ig^Cofl* 1-^. 0.1^0 ^0.95)«fl'H o a* 7>^S||^4. 



S- vfl^^l Dflael-^^ 7le^«l-jL SIjL. -Q^ ^^(20) -a^ofl ^^«r|.e.^ ^^7fl(24. 26-28)«>fl ^'3"^ >^1<H 



3i^-%-2\ 3^^=%-^ ifc^xiia)* ai'g ^s-^ofl ^^1 ^'Stbc)-. =LB\jL, ^nm- 4^ 2^\ ^-^J-i- 

-^71 ^n^^, ^-^ Til (28a ~ 28c) ^ A^A{2\)S.^^^ ^1^^ ^7]^^ «S -^1 €^ (4 ~ 1 6) ^1 -g^eVJil. 

(24)fe >iH7fl(21)S.^EiSl ;^1^<H] ^7\^^ % ^^(7)31 7121-1- ^^^nl-. a^. ^^7fl(27)fe ;*ll<H?fl(21)S. 
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a, ^Aofl ^^;fl(28a~28c)<^ ^^1^(4-16)^ ?>^^ ^^^l^lTl^. ?^?il(24)'Hl -g- 53^(7) 

^Efl» ojc)-. o]§7fl sflAi. 4^ ^^si 2^v 371 (isi^ ^i^) ^ ^-a-cjieicqta]). z^-^ 



n'S-S. ^ 7I21S. SL^^ 3^^n^ ^-f . ^-^^1(26)^ /*flo1^1(21)S-?-El3l ^l^ofl ^-t^^V 

Si 2s> ^-s* <a7i jiem 2*> ^-s-^-s-^Bi i^^a^i o.^ '^•H^ife 4^ ^-a-^ 2*> ^€ 2^ 

^^T-Sl 2*> ^n, ^^;^l(28a~28c)fe ^1<H ?il (21)5.^6]^ ^l^ofl ^T^sH ^>«1^(4~ 16)Sl ?}-:^^ 

^^?()(24)^ ;*(|<H?il(21)S^Bl3l ;^l^<i|l ^ 5ffl2:(7)^ ^^^tl-. ^-f^ 711(27) 



atb. ^^?^1(28a~28c)<Hl fi1«ll ^^1^(4-16)21 it^4r ^S|-^l?l7l^. ^-^7)1 (24)<Hl 2l«f| # ^2. 

(7)21 7l5l^ ^Sl-^I^Mu)- ^<i|l 2lSe. t'HhS 6H(8a)2l ^^^of] ^^J5l^ ^^$\ 

2*1- =i-€2l fell. 3£fe JiF'S^ AS. ^ol^l^ 4^ ^-^21 2*1- ^-S SE^ 2^ f -S-^l 2*> f «fl# ^^*1 

^ Sl^. <='l¥7ll 3.Hln1 ^^Vo| 2*> %^21 37] (21^ 3]^) ^ ^^l-(jielnqal). j^^J;^ o.^. ^«*l?^m ^ 

^ ^€21 ^*1. 371 ^^Al?l. T:l.<g::g. jT^lnl ^1^^ ^ Si^. 



a*V. ^^ol ^ 7l^S. -i-^1-21 ^1^^ ^SV^ ^^7jl(26)fe >I1<H^1(21)S.^E121 ^1^ 

<^ ^>\^^ ^f -§-21 ^;^>(llc)» SI'S ^S^'ill -$1*1 ^^^cl-. nHlJl. rii°J-*>^ f Efl» € f 

^21 2*> ^7l ^Sfl. Sfe ^ f 4>2l 2*> ^-SAS-^El i^Aja} •S'H^m 4^ ^^1-21 2x> B£fe 2^ f 

^21 2*1- ^7l .^iSfl, ^■§-?il(28a~28c)fe ;«)H^l(21)S.-^El fil ^l^ofl e7l3l-<H 5«Als(4~ i6)Sl ifV^* 

^^JL. ^*7fl(24)^ >iH>fl(21)S^Elol ;<l^ofl eTlSl-o^ # ^33(7)21 7lel# ^*7il(27)^ 

;«)1<H^(21)S.^E121 ;^l^oj| e7l*M ^'i PL21 7]-^ 711^ 3E:Bl7fl-l- ^-g-Al^lcl-. 



£. €A<=>fl i^el-'^i. ^■^^1(28a~28c)<^l -^1^(4- 16)21 ^^>>.l ^iT^i-l-, ^^:^1(24)<^ ^ ^S(7) 

21 2.^ 71 21 » €^^l?l7li+ Bl-fe- 5)^1 ^«fl. 1-21-'»1 «^><*1 (8a)2l ai^^ofl f ^^Sl^ € ^^'"21 2*> ^ 

•^^ JE^ 3fl-»3^ fiLS ^ol^l^ 4^ ^-^-21 2*> ^« 2^ f -3-21 2*> ^€2) f efl* ^^*1 ^^i^ ^ Sic}-. 

<=>1*711 ^fl'^'i. ^T-21 2*> ^€21 371 (Cl u|.<i>7>Al^ a m. ^«H^1^ 21- ^ ^^€21 ^1*1. 3 



SE. -a^l":^! 2<HlAife. ^^^o.s.«.Bl ^A-lqls. -S^ onAl^(i4), >i1 l V-S^ ^^^1^(15). :^1 2 ^Al^(i6)-fi- Hfl*l 
Sl-al SI^]^. ^1 wB*1 21^^1 ^^Al^ sicl-. a^. 21- ^-flAl^(4-16)«>fl>«.i^, ^-^^.^.S-^Bl ^AirflS. .SL 

^ f 4^21 ;^ll 1 =e1^ ^1:^. ^>a-si ^^^2 HBl^-fr afl^mjl Sl^^m. <^1 Bfl*1 



3., 1-^ €^ ^^1^(14)21 ;«i1 2 =2l#-¥-Al|(14b)2l-;*i] l °«Al^(i5)2l ;q l =e1§ -¥-;(J| (15a)» 
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^l^l^m.^ 1 tiiAl$(i5)Sl 2 =3l^-¥-Jfl(15b)iq- :*(| 2 ^Al^(l6)^ :^ 1 (16a)* «a*0 

^^I^ITIM- ^ Sic}-, «-^Al3.(i4)Sl 1 ^?11(14a), 271)3] He^l' ^ ^1 2 

16)^ ?>^^ 421- ^^^^S. ^^A]^ ^ 551^1.. 



(^^l<=fl 3) 



£. 25^ ^ 3^1 2:^ ^^1* ^^1^1 ^Aj^ 711^2] £.A]sl.^ S-^^m-. S. 

cf. ^A].^ 3^ -aA].^ -^A]-^ ^A^* ^fec}-. ^sm. -a^i-^fl 2'>iiAi^ <5>s^ ^2.(12) ^s^<iii -s^ ?«a]^ 



■fi ^^Sr m^^s. ^Sl-Ai^ ^ ^t^. n&m, 4^ ^iig-S- ^« ^^>(lla)» -Sai^^^s. <^l-§-«1-3.. 

S.^ 1 \^ «^Al^(i5) ^ 2 ^>^1S^(16)31 31-g-* <»1-§-*]-fe ^ofl aX« ^^^S. 3. 

21 ^^1-^ "^^^ z?" ^ ^^1* 'T^ 5a^. 3E^, -g- €la(7)Sl €«fl 4-8"i- .a.2:a1 

-i-^^ ^'Hl AX* ^^.e-s. 3.21 ^-a-fil 5a«H^i n ^ ^l^l ^ H71* aj^s*! € 



^^Hl 3S1 JLSltii ^•^«H]A-1^. .^4 enA]$ol uB^lSl<H Si^V^7l jaslni ^^S] 2*> ^€^1 :22ltt|wl 

* ^#^.^3. ^^Ai^ ^ tl^. ^sH-, 3.^^ 2:'3-8- ^«1- 4i^*>(iib)* ^^^^s. o]-%-^3L. 

1 ^Ais(i5)_ 2 ^Al$(i6) 5 # ^2.(7)51 o1-§-^>^ ^<=>11 31S|), HBlnq ^^S] 2^> ^€^1 ^ 

*0^?I 371 ^ Jieltcl 2S> %€-2.S.-^El 2FAJ^ o.s ^ol>il^ 2^ ^^^1 2^} %^ B. 

^ 4^ ^^fil 2*> ^-a^fe ^ ^ -91^1. ^ H7l*^^«l ^ Sl^. 



'H'Ms. ^'"•H 2^1 SI- aV^7Hs.. € ^'S-si 2^> ^-S^i ^j^^<a 3.7], € ^^ch^i 25> ^€-^s.-?-b1 j^aj^^ 

^<H^m 2^ 2^} ^-fe 4^ 2%\ ^'S^l-^ 21- ^ ^€^1 ^^1. 371* 
^^^^ Si4. 

(^ah 4) 



28^ ^aHI 4o11 Sa^H^i <^>a« ^2:S1 ^S.^o]l «ll^l^ ^S^l^ ^ >il 1 V* ^Al^Sl =^^^^ 711^21^3. £Al3l- 

^ a>a]£o1t:1.. ^Alofl 4^ ^AHl 25+ -H-AVtb ^A^^ ^A]^ 2o1lAi^ o>i^ €2.(12)31 ^S-f-ofl 

«!!Al^3|. -^-Sl «l}>«>mol Mfl^lS|Ol 1^ -a^H 40II-H-& €^ «!}Al$ ^ 1 ^aISoVc.] Hfl 

^lsl<H Sl^ ^<^1 ^^Hl 2i^- 71^^ o]*!-. ^^H 231-31 ^i-fl^ofl ^A].^ 4* -a^g^ci-. a, 

S. 27 5{ S. 28'fl'*!^ tb^Sl eS^l^-e-^^i ;*il 1 V* «^Al^(i5).i- u)-El-iflji ^AA^^. ^a1^^ >il 2 

^Al^(16)«>lc|2l-3E. ■^-'a-*!-^-. 
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^ # iaS(7)Sl «^l-g-^>fe AX« ^^AS. ^^fil 'S^ofl ZJ- ^ 

^1*1. ^'S- ^ 37l» ^^as^i 4^ slci-. 



^} ^^^S.^^ 3|->g!^^S. 4^ ^^J-fil 2^1- 4^ 3.eiq-. aie|ir) 2:ia-g. si;^ ^^>(iib) 

» -y^^^^S <^l-g-*>^. SEtb ^^1^(14), tb^^ ^^le(15 16) ^ # ^a(7)^ 3)-g-* <*l#«>fe 



^>»-H 4S1 -g^ a^igoflA^^, ^Als(i5 SE^ 16)^-^11 Hll:S;l5l<H Six] ^o.H.S., € ^-S"^ 2^> ^-g 

6.s-^El 4^ 2^> 4- Sic]., nem. ^^Sl a'^-g- dt>^>(llc)l- 

^S. oj-g-^l-Jl, itt €^ ^^]§(14). V# ^A1§(15 3E:fe 16) 5 # ^2:(7)a] ^h-g-* o]^^^ ^ofl o^sfl, 

^-a^l-fe ^ :t€^ ^^1. ?J H7m 'T- 



(-a^H 5) 

£ 29fe ^"^Sl -a^^H 5<^) i4# ^^'^ ^^1^ t^-S* 7fl^2^^S JE.a]s)-^ S^<^lt:1-. ^a] 

<=fl 5fe oil 2fi1- -frA>^ ne1i4. ^Al <H) S^Aife ^^^^ ^^7] («>ol^S. «>>*1 ( 

8a)) tflAlofl xfl^ iVX\■^£] ^^7l(S.= ^ ^$7l(70))» «»l-g-«1-31 ^<^] ^^^^ 25^- 7l^^j2.S. 

-gAjofl 5<^^^ ^}o]3.S. ol-ol(8a) rfl'tl'^ S.^^ 2^^71(70)^ Bfl^l*!-:!! 51^ 'fl^«1-<=^. 

(11)^1- S.^^ ^^71(70) A>o]o^ ^S.'^<H1 ^€^*.S.-^El ^A-iirflS. # ^2:(71). 2 :ii?^>(ife d>o13 

1-21-61 «>><^1)(72) ^ -g^Onput) «2:(73)» bB^1*>:I1 $X^. att. 2:^ a] o): 2:517^^131 °l-iH *2l-?l:£(17) 

3.=^ ^€-71(70)31 x[%T^ ^^]^^ sa^. 



2 ^«!-rt7>(72)Sl ^^ISl-TlSl <a^lS>£^ Hll^lSl<H # ^2: (71)^1 2:^ T^Sl^l ^^^^1<H^(21) 

S.^^^ ^]^<^] ^^^^ ^^^1(29)<^1 slSIl *|«l-<^^cl-. S*. 582^(73)^ ^ St^ fl^l7l- 

2 ^«l-ril7cK72)al :91^1<4 Tlfil -a^m^a ZL :?1^ ^^]7} ^^7l(70)Sl <gA>^Sl 4^Al^7l^ 



s:^^ ^^71(70)^ -S-^lM-^-^sl-^^-B-el ns-S. <^l^<H^m ^a>^£1 -h-hI s.=s.a1. ifl-^s}- iq-¥-2l 

^^]^. ^ ^^-^AiSl ^^AX^SI^)* ol^3l-<sl *2l-Sii)Ai 3|^^ t^el- ifl^ ajAV^ofl 

s. ^. s.:^^ 21^71 (70) «il <yA>^ xfl^ H}-A><=ii sl^ii zi-£ ^^£|:iL. ^3|.*>oi <a . 
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la)(llbafe llc)» # ^2^(71)»7l^A^ »1 2 %'S?-4i;^>(72)'S-'ill 4^^^(al2ln^ 

fe ^ ^41-)^ So>* ^1 2 d^^}(7Z)m ^^-^ ^^(73)* Tl^Ai. ^ 21^71 ( 

70)31 ^A>^ ^^^t).. s. ao-g: 5<H1 sil<H^i3i 2 ^^•g-* ^^i^Vfe s^olcl-. 

£ 30S1 (a)*fl hVS). :y-6l. ?s|| 2 3^^ 4iX|-(72)7> Hl|*l3^|<H $1^1 ^-f-. # ^2:(71) ^ 5^2. 

(73)» TiS ^^71 (70)31 <aA>ia(70a)'S-o11^i tfl?^ ^ ^ o.^. :a ^s}-, S.:^^ 2^^71(70) 

JUS! <yA>^oJl ^1-^31 :^^ol ufl^ AV^al o.^ S)o1 (2S> ^i^o]] tflt!- ^I" ^€3) #^#^1 3h<^> 



^Sfl^i. ^Al<i 5<>llAi^. Ji^l-S>H31 ^] 2 5l:g i^1-(72)l- <y ^ ^^(73)3^ Si;^ 

Hfl^l«:>al ^tl-. ol^Tl] «f|A-^, £ 3031 (b) c^l 5E.AlSl-fe Mfsq- :^<:>1. ;«fl 2 ^^l" db;^>(72)» T^^A^ ^^6] 

n ^S(73)l- Tl^A-l ^*7l (70)31 •?jA>^(70a)4HlAi ^Aj-^fl c^sfl :g%^T:l-. ^3]., 

71(70)^1 3lt|l Z131 <aA>s.oll ^A^Sl^ cf^3l,^^<il °fl+ Sl<H(2S> ^€ ^^'Hl tll^ 21- :f^o^ ^^^01 ?1 

^). ^ ^€o.s.AlSl 2S> ^^-i: ^ Siq-. 



S-S.^ 2l«-7l(70)«K| 31SI1 Z131 <gA>^6|| ^A^^ 4=- ^>j-(alBllt| ^^ ^ ^^S")^ 2*> :t-S-^S.-?-E^ fil 

Zi A>#^o,lAi p>ia 1-El-?1H.(17) S ^^T- ^^^1(18)» tI^a^ ^j^sI ifl^ol ^a^^ ^I'i 

^t^. £. ^AHl 5'>ilAi^. ^ ^a(71)3l <=m- ^2:^(71a)2l- €S5-(71b) ^y^]^ ^■^^^S.-^-El ^ 

AitflS. €^ o!}Al$(i4), »1 1 s^Al$(i5) ^ 2 ^Aia(i6)«il 9X^. 

n^-Bl-Ai, ^Aloj) 531 4^ 2:i^<=Hl SJ<HAi:£ ^Al<^l 231- f>?}-7MS.. ^^3l 4^ S^-g- JlA}(lla)«- Ai^^ 6. 

S. <^l-§-^i, -S^ ^Ale(i4), ;*i1 1 ^BAl^dS), ^] 2 eflAl$(i6) ^ ^ ^2.(71)3] <>]-g-S>fe 
3lSfl. AX« -f'^a.^S. ^fe 3LS\ ^-8^31 ^^6(1 51^.1^1 2*1- ^-S* ^^^fe- zl- ^ ^€ 

^ ^^1. ^ a7l# ^^«1 ^ Slc^. 



att, -^Al<m 531 3ie1tt| S'gofl Si<HAi:£ -^AH 23l-c>^7>;^lS. ^^31 JlSitt) ^T^J%- S]^ ^•6^4;;^}(llb)# 
^6.3. <i1^S>ji, mtk ^A1S(14), ;tn 1 V^^ S^A1^(15), ^] 2 V* ^A]^(16) ^ # ^2.(71)31 ^J-g-^ ^l-g- 
^'fl 31S1). %^$\ 2*> ^€31 ^^^^ 371 ^ ^'^-(ielaiul), afe JL5ltn| ^^^S] 2*> ^^^S.-?-El 

shAa:^^S. ^«H^lfe 2^ ^-8-31 2:S1- ^« SEfe 4^ ^^31 2*1- ^-Q^ ^l" ^ ^€3l ^1*1. ^ 3.7]^ 



a^. €aH 531 al'^ofl 5I<H'^ii ^^Hl 2i4 n>^V7Ws.. 4^3i 3.^-%- 4i;^Kiic)» ^«!^^ 

S. o]^^}SL, «HAl^(i4), >|1 1 ^A1^(15). ;*)! 2 V-f- «Sa1^(16) ^ # ^S(71)3l 3l-§-^ ol-§-sV^ 

^<=fl 31S11, ^ 2*> ^€31 ^Sflaiol 371, ^ ^-8-31 2*1- ^«^S.^El 3^A|:^ c^s. <^o\^]^ 2^ ^^^^ 

Z7i} 4^ ^^31 2^} ^^-i- 21- ^ ^€31 ^^]. ^ a7i# ^^«i ^ si^^. 

ol^Vjq. ;a-ol, ^aH 2-^aHI 5°11 ^«>1a-1:e. v# ?iSAl$(i5 3E^ 16)Sl :?}-^^ ^^Al^l^^ ^ofl ^Igfl, 2A> ^-^31 

3.7] ^ ^>8-o| X W afe z 'S-^^s. =1 ^A, ^>^3 M-a-si ^SSl-^ 2 ^^(X '8-^ ^ Y 'S-^)°fl 

Ai A-15. ^ SlJl. q-o>7>Al^ Bll^ofl fJ-^Ajo] n>>:H M^3l zUa^l-fe 2 fJ-^^lAi 



a. ^aH 2~^aH 5^, 71-^ ^^O-S-Al ^ ^31 9^Al^(i5 ^ 16)^* €aH 3* ofliel (D 
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16)^^ "^^m ^^H 4^ S.^ i^HVo1i(MPU 2ldt:n.efl3i] ^^of| s.^] 2^^*>cl-. 7>^ 

e!jAl§(i4)4 ^Si] v-i- eSAl§(i5 ^ 16)-i- t^u]^ 2 €-^H1 5fe «>S.^ ^^1* ^^Ir^^?! ^}o] 



^sl-o] -^l-ol (8a)» ifl^ *AV^ ^§7] (S-S.^ ^^7]) (70)^ *1€:5>^ ^5. 7>^a:>c}.^ «^ 



3E^, oH^^l ^A]i^ 2, 3 ^ ^Alafl 5(£ 10, :£ 25 ^ 5. 29 ^1 1 ^^^^^.(is)^^ v^^l l}" 

S. 45° S^^A]^ «J-^(45° «J-%1=)^^ 2 ^>^1^(16)^ V^S^ ^^a^S. ^iTfl m<J-^o.s. 45° 

Sl^Alfl Mj-*j:(135° «<J-^) ^ ^ 9X^. «^1^<H1 SlSfl, p>ola^ l-el-ol e,>c](8a)«Hl 1JA>S>^ ^^>^>7> «] 

>il-sl-7l| SIcH 3iS. ■i-3-<a-i- ^ 5!l^fe ^ $1^. S.^. 1 ^a1^(15)^ V^^ 

^1 2 ^Ais(i6) v^s] ig-^ol c]^^ ih'g-^m ^iS'Hfl nl-Hl-^Sls.^^^^ SX^. o]^^ 

^ ^'=>1. 27flsi ^Aiesi iii^l-zj-* ^^^>7] flsfl>»-i. ;^H7il(2i)fe ^^(20)* Tl^^i ^ 
Ji<^ ^7l«1-«H ^•S-5fl(28b)sV ^-§-711(280)^ ^ 1 «1|A1§(15)3!1- >fl 2 V-g^ ^^1^(16) 



^. ^^-S: *1 «li^l<^l -^IScJl 5!iAl^(15)s; V^S] o.^. 45° ^^A]^ 

'g-^(45° M3-^). 90° :^^'^m 'S-^OO- W), 135° ^^>^1?1 '8-^(135° IJ"^) -f-^S. ^ ^ Sl^. ^^]^ 
(15)^1 V^sl «J-^* rii'S-sl-^ Si^'^ n^-H^- ^ $X^. t>]^s\. ^o]_ tij-^* ^ 

;a«>7l ^sflAi. ;Hlol7il(21)^ 11^ ^ia:(20)# ^l^^i IJ^^ 'giLofl e7l«1-<^ ^-&?il(28b)» ^-^^l?!. ^ 
Am(15)-i- ^^^S. ^^^^^ 



mtb. ^l^sl z]--aAH<^I|Ai^, ^^ii^Xlla. lib. llc)^o ?t7l-^^Sl # ^2:(7)(^all %nm^^ ^-§--^ 
S. o St^ 7]-^ 0.1-0.95(0.1^0 ^0.95)5. «m ^'=>1 o St 7l-^-S-^ ^ €2:(7) (^wfl 

♦ ^^J^fe "fl^M- ^;?}- ;«lie^:<il 3i]4iS)^. ^^1S.>H -Sl^sI^ 0.1-0.95^ o ik^ ^^^^ 

S. 7>^ ^ 4. 



^l^S-^ ^^1^ i~^Ai^ S'Hl jieia) 3i^6\] ^i^HAi. ^^(^'a %nn^ ^^)'^] 

aielnl ^'^■Br 0.4-0.95^1 O St^l 'S^(0.4:Sg 0.95) vfl<>JH 7>^.e.S. ^"^l v}^^^-t\: a 

i^^i ^nn^ n^i^^ 4^ 0.4-0.9531 a '^•¥l(0.4^o s:0.95)ifl«>ll>H -¥1*114 371* 

7}^^ sVfe ^ol Hl-^al«1-Cl-. 



^)» ^1^*>7l ^nM, o^mcfl n]^ s^l 5,828.455 S.-^ ^] 5.978.085 S. ^'fl 7|1a1S1<H Sife ^^]- 
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^^Sil ^ ^2}., a 0.01^0 ^0.3^ -a^^ sl-M-S. ^^*>fe ^o] Hj-^zJ^c).^ ^o] :^ 

0.02<o <0.2Sl "^^^ s>u|.s. -a^sl-fe a>^3]s|-cl-. oia^. ^o], ^^7^] q 0.01<a < 

0.3s] £fe 0.02^0 ^0.2S| ^^S. 2:^ S:?!* 4H*fl^ife. ^ ^aIo)]..!) ^o]a^s] ^ 

^ 4^^(4a. 4b. 5. 7, 10. lla~llc, 12. 14-16, 71. 71a)S] T^^l^^Vfe dt^^Xlla. lib, 11c) ifl 

PL<^i ^^}7} ^^ms. 511^ ^^011^ ^a.* -a^ ^e(20)»fl 5\n ^]^n(zi)^. «m^tfl ^ 

n ^Tar(20)* Ti^Ai <a^^ ^ii<iji ^-tis^m ^i^^i ^^^ii pl* ^'=h 



^ <i^(#-s-^ 'S-^-i- 'S-'S-^ %^)^ <^ms.i.s. lo, s. 25. s. 27 ^ s 29^ ^s-^ 

^>^1- "S-^CS 1, 3E 10. S. 25, S. 27 ^ £ 29^1 *t() ol^g-A]?]^ ^.sfl o^«fl. p>>; 

3 MSI >S-c,] :^<^ ^t}-:^!) pLlr tI^a-^ ^flola] vvS-ofl ^^^€1^. S^l^W ^>iH ^fiEllol;;^] mS ^ 



S*, ol-^i-sq 2]- ^ AH oil q-El--^ y>5q- 2^&7ls.Ai3i i-efo] ^^.(o]^]^] di^}) (8)M- 

1-el-ol o><il (n].ol3.s. o]^]o] (8a)* ifl^ «]:A>^ ^$7] (S.S-^ 2^$7l)S. ^l^?}- ^ 

i^:^ ifl^ hVa>1| ^^7l(S=^ %n ^-§-71)5] ^^V^ n>i3 M^<^1 ^^^=1^ ^^^-(^ 



-asi^l J:^ #711 Alo>* o.^]s>^Ai. >i^*eHl^i^ i^** ^^^s>7l ^sflAi^, T.>i^ M^Hl 

Sl^ ^^£1 'g^(S£fe W-a-'Hl ^^^S]^ ■g^)6|l Slo^A-ISl 

LsS. ZL3i^ <g^fil "S-^SI ^a^lS ^ i^l. 0.05< Ls/U< 0.7^ ^^Al?|fe. 7^6] 

<»l'S-5l 2]- -MaHoI) i+Et-'i ^A>^ ;§.;slofl^^, d^l^cfl Ls/Ll=l/3S. Sl-ol 5114. 
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(tiViE^ i^K i^K S.^] ^^}. ^>7l ■!■)» ^1^^ ^ sii^. <^1«1-. ^a-^tb 2^- ^^1 

^ ^j-^^i-i- ^-i- ij-^si 'aafl'^ s. 8s\ «L#5.-i- -ai^tbcf. 



^ '&^<^ -a'St!-'^. sQofl 5a<H>H. ^« ^^ca-TD 4oi)^>h^. -j^-^^zi-^^i^flsi o]-%-^ 

^€ 7)^^ e^]:^! :g.^ 2^ ^^-%r >\^0_S.^ 7]^^^'^] ^^o] ^^^5)^1. ^ 

^fil ^a] ^E] li^i ^^V^n 402)^S. ^l^^cj-. 



i^^'^l. €El (^^ 402)<=fl^i^. R(Red). G(Green), B(Blue)«^I ifl-g-t!: 37^S] nfle^ 

s] ^SEi^ ^g^a^t^. ii>a ^:^(ia:?n 402) ^<^. ^ 3:^ 403)*i ^«g€i^. 'i 

4G3)^l^i^. ^^i ^^i^n 401)<H1^-1 ^<H^ it^j 7]^ ^ ^gE] ^^^i^^ 402) 

oflAi ^o^^ ^E] °l-§-«>c«l €)■§- ^^^1^. ^ 403)o11^i^. <i^cfl ifl^ ^ 

^^(^^1 401)'Hl^i ^<H^ 7ms\. :tE] ^^(^n 402)^^i «e1 AH 



^ a^i 4i^>» ^^5- #711 ^ si^. 

%^<>fl cflS><sl 27flsl ^ ^-^AS. <^1^<H^1^ 2^ ^-^l-fil 2S> ^-^oH-, ^^-m i:fl-5>c^ ^aJ^ 87flfi1 ^ ^-g 

CL^ ol^o^^lfe ^-a-Sl 2^> ^-^3). SE^ t^^ 2^> ^^^^ ^S. Sl^. 
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oflAi AiS. 3,^ -a^^ ^ Sli^. 



(57) ^^31 >g41 

1. 

^ *.S.^B1S^ ^^ol] e7ie]-<^ tic]- cf^s] ^] 2 t:?-^ ^'^J*}?! ^ 2 2j«-7l* ^Hl«i|-:a. -5J-71 2 

^71 1 %n ^^7]Si\- ^>7l ^1 2 ^*7l AHfil :t««>fl nfl^l^-H. ^7] 2 ^H^ a7l# >5J-A>( 

1- ^S. ^i-^ . 

^1 1 Sl'H'H. 

-a-?! f'^u] ^i^vfe ^^^s. *H .21^ 7>^«i-7ii sife ^* ^^1-5.^ ^i'^ %n ^^1. 

^7l #^H1 4i>l>^. 

^7l :^^7l ^7] 1 ^^7ls.sl <U'^> ^ 1 '^■^l €^Al?l7] 1 # 

^7] ^«-7l £fe >S-7l ;((| 1 ^t?- ^*7]^fi1 'JJ'^V ^-^^ •^71 :q 1 ig-^^l. 7^ 2 ^*j=^ n?-^ "a^V 

1- ^^i^s ^^1. 
4. 
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^ 1 ^'fl Sl-H^i. 

^1-7] f'^ul 4i^>fe. -^7] ^>*j=^ 1^2^- iL^ ^^21 1 =el#3i^. Sfl'i- 1 =el#sl 
5. 

>s-7i 1 H5i§^ ^7] la-^^ v;^> ^^-i- ^-S: ^^^s ^^i. 

^7l ^c1-6.^«.ElS} >t^Sl ^.^-^ 5J.^ ol) :^ yJ-JE ^^.2^ ^S-«1-7l 

^'■71 ^# 4i;^>S)- ^7] 2^^7l A>0lfi^ ^S-^ofl aJl^lSjo^, ^1-71 ^^7]S.^ ^^A} ^^dfl U\- 

•i- ^^^S. Sl-^ 2:1 ^^1. 

7. 

^ 2«J-'^ Si<H'«-i. 

^71 ^-aje-S. Sl-<^ 7l-^S>7ll ^>a5l<H ^fe ^* 2:1 ^^1- 

8. 

>a-7l ^S?- ^^71 afe ^71 7^ 1 ^^7lS.^ <aA> >jl 1 »9-^<»|l n^.^ ^A> ^^Al?l7l ^ 1 

^7] ^^7] ^7] ^ 1 ^^7]S.^ ^av .y-?! ;*« i mJ-^^ z^s^l-fe ;«fl 2 n^-^ «aAi. 21-:e 

•i- ^^6.3. 2:1 =9-^1. 

^1 2«J-'fl Si<H'«=1. 
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41-71 JL^ ^-a- ^^^^ ^^j^ ^s. ig^i- 2 Hel§* ^^ai. -8-71 i = 

10. 

'S-?! 1 ^7i TEt^^ v^i- ^Bflsi ^-i: ^^^s. 

11. 

4>7i WTfl^ ^^^-^i^ 3.7] ^ ^g^^ ^^^is. 7}^^s. 7>« ^^a- 

^7] 7}^^^-^. 

^71 2: '3 ^^5^ Si ^^5!)- 3)JJl«>^ 1 wj-tg:^ nl-2l^ .4l-7l Aj-olol] JL tfl O.^. ^3-71 Si'g^* ^^^l^lfe 

>8-7l -8-71 >fl 1 Wj-^Itl- S^Hl-fe 2 'S-** l4el- ^J-71 '«-l-'»Hl -^31 tfl:|! o.^ 

^7l i'g^^ ^711: 7}^^S. ^fe ^ 

■i- ^^.e-s ai'g ^Ai. 

12. 

^1 11 $l«H>H. 

^7] ai'S -8-71 n^-^ Ji'S-^l-fe ^-a-.^s. ^€:«1-JL. SB'S- at'S-^Vfe ^-S-.e.s. 3: 

•a^^ ^71 7>^ ^Ta-.e.s. ^ ^BisfaL sife ^^.5.3. *]-^ ai^a 

13. 

12 la-ofl sa'H'H. 

^71 ^ ^-8- 

^ ^^^s. ^ ^^]. 
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14. 

11 sa«H^i. 

^fe ^^7l# ^HlS>ul Sife 5^ ^I'S W 

15. 

■^1-71 2^ ^nn^ n^^ ^^n^ ^^<=fl>H^ sl^^^ 3L7] ^ ^^jj^ tt^^ 7>^.e.s. 7>^ «^-^ 

^cJ-71 3i^^^ ^^^^^ Ji^^ ^^^^ ^^*>fe 2l-§-* aiel^a] 7>^ ^^s)-, 

^j-71 ^e^7^]s^ ^^^i- 1 '8-71 '^V*!^ ^3. rfl^^s. ^7] S'S^-ir 

^ ^^.e-s. 

16. 

^ 15 sa^H'^. 

^7l 7]-^ -^la-^ >8-7l ai'g^fil 371 » 7>^«.S. Sl-fe ^Bll ^^7l)» ^^^S. =3-^1. 

17. 

'8-71 7>^ -^7] ^^3}- ^jjasl-JL -^>7l 1 5l;S>s|-^ 2 'S-^^ 1^-21- ^8-71 ^^-i- A>o]o|| Jf-jr 

>*7l at'g^^ ^^Al^lfe 2 ^^-g- ^-i- ^^lAS. 2:^ ^«1- ^^1. 

18. 

'^^^ ^1-71 71-^ ^«m3L Slfe ^I'S ^^1. 

19. 

^ is^ofl iX^^, 

^71 
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# ^^1^5. ^^1. 

XI 15 $X^^. 

^«}- 2^ $71 ♦ ^Hl Si^ g-].^ ^J-^] . 

1 ^^1 20 ^ ^ ^-^fl 7l 3^r§ ^Al^q-. 

5^2:v^>^ofl afl^l^ bV^i^sI ^^^^ 7l:a:<Hl -f-^ i^^Al?]?] ?J 

* ii^ 

^7l filSfl ^7l 7^4 ^^-i- 5L^«l-fe ^ 

23. 

B>i=Lal 7l3a-Pll ii%s>fe ic^ Sl'H'H. 

71 'S-^l B>^ia# ^^^^ 

^7] S:^ 

^7] 2:^ %^sn- 1 ifj-^-i- tr|-El- >8-7l >^>«H tji^ .8-71 a:"^^* ^^-^l^lfe 

XI I ^^2}-, 

Aj-71 SEtb ^>7l XI 1 «<J-%>3]. ia^>SV^ 2 'S-^^ -^7] AVojofl -'^7] 

-g- ^^.^s. ^ 'S-'S. 
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23 Si'H'M. 
25. 

^}^3.S] sfl^-i- 7l^ofl 'S-^**!! 5a<H^i. 

-^-71 ^-i- ^^71 71^^ -¥-'3*m 

^7] 2)s*>j7 Aj.7] ;q 1 iS-^i)- 5i3;>«i-c^ >ii 2 '3-^8=* ^^^^ '8-71 ^^-i- ^l^M -t-^l Tfl^.$-S. -^7] bel^S 
^^«c!- 26. 

n>.i3S^ 211^* 7l:^ofl ii^S^-fe ic^ «J-ia<ifl 5ll«H^i, 

^7] nv^iHs) sfl€ -s-i- '8-71 7i^oii ^<3«i-^ 

^ 2 ^'s-f' ^«H3E. ^^-i- -a^ ^'g-t- 

-8-71 1 

^8-7] %ny^Si\ 2ljiL^^ >jl 1 u^-Bl- ^71 A><»H ^uL tfl^ >8-7l ^^Al^lfe 
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^>7l ^^3). 1 »8-tl=^ n^-s}- -g-^l ^^-i- ^}o]<^ ^JL tfl^ o.^. ^7] S^^-fi- ^^a]?]^ 

XI 1 

^* XI 2 

■1: ^^^S. fJ-'S. 
27. 

t>>iii3Sl 7l:^ofl ii^Sf)-^ ^^6f| cJolAi. 

-8-71 pViHsl SB€ -8-^ ^7] 71 «^ ^ISV-^ ^1 

41-71 a:"^ -5^-71 ^^^^ ^^«fl>«-ia1 ^I'S^^ 371 ^ ^i'S-f' ^olE. 7>^ 7>^ ^^-t- 

-8-71 7>^ 

^J7l Stg:^^ ^nJ-S}^ :a5ltI^Ul# 3.21 tq ^^o.^. ^^^^ ^^S^^ 3ie]u\n] 7>^ ^^^3!!-. 

^71 ^nn^ 3l5l«>fe XI 1 fj-^l- n?-5l- ■>^7] ^^-t '«>}«>1-^ ^3. tfl:^^S >8-7l 3i^^-^ ^^l^l?lfe 

XI 1 S^«>fe ^ 

^ ^^^s. 1}-^. 

XI 27 «J-«I1 Slol^. 

^71 7>^ ^^-Sr -8-71 ai'^^Sl 371-1- 71-^o.S. ^Ufl ^'g-i" Cl S^^^ ^^^S S]-^ n}"^. 

^^^1- 29. 

XI 28 sj-ofl 5a«H^, 

^71 71-^ ^7) ^^21- 3]iil€r>31 -8-71 XI 1 »S-^2l- S:*1-S>fe XI 2 'f}"^* tq-E)- 4V7I Al-ol<iil 

tfl:^ >8-7l 21^^-$: ^•?1>^1?1^ XI 2 ^^-i- ^ S.^^-^ ^^^S. «>fe 2^:^ .jj-^. 
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^ 27 Sl^'H. 

"g-^^ ^7] 7}^ 4>7i 2i^^si\ n-^^s. ^^^^ ^ n-^ -^^s-i- 

cl 3.^^^ ir^^ 'S-^. 
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